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FIRST 1OLLOVP NODIDTY STUDY

The Air Force Health Study is an epidemioloogical study conducted to
determine vhether adverse health effects exist and can be attributed co occu-
pational exposure to Herbicide Orange. The study consists of mortality and
morbidity components, based on a matched cohort design in a nonconcurrent
prospective setting vith follovup studies. The Baseline study vas conducted
in 1982, and the first follovup morbidity study vas performed in 1985. The
purpose of this report is to present the results of the first frllovur study.

In the Baseline mcrbi4ity study, each living Ranch Band vas matched to
the first living and compliant member of a randomly selected Comparison
mortality set based on age, race, and military occupatieo, producing an
approximate 1:1 contrast. The Comparisons had served In uumerous flying
organizations that transported cargo to, from, and vithin Vietnam but rere
not involved in the aerial spray operations of lerbicide Orange. Recruitment
for the first follovup vas in accordance vith the Study Protocol: All pre-
vious participants and refusals, nevly located study members, and replace-
mets (matched to noncompliant Comparisons on self-perception of health) vere
invited. Of the living Baseline study participants, 99.2 percent vere
contacted to enroll in the follovup on a strictly voluntary basis. Partici-
pation vas very high, vith 93 plh :ent of both the Ranch lands and the com-
parisons fully compliant at Baseline also participating in the follovup.
Oversil, the 2,309 follovup participants (1,016 Ranch FNwds and 1.'93 Com-
parisons) represented a loss to the study of 159 individuals but a gain of
199 new participants since Baseline. Statistical analyses of selection and
participation bias supported the use of the total Comparison group for the
main analyses presented in this report.

The follovup study was conducted under contract to the Air Force by
Science Applications International Corporation, in conjunction vith the
Scripps Clinic and Research Foundation and the Nati nal Opinion Research
Center. Host of the data vere collected through face-tO-r',ace intervtevs and
physical examinations conducted at the Scrippu Clinic in La Jolla,
California. Other data sources included medical and military records and the
1932 Baseline data base. As a contract r-quireant, all data collecticn
personnel vere blind to exposure status, and all phases of the study vere
monitored by stringent quality control. The statistical analyses vere based
on analysis of variance and covariance, chi-square tests, Fisher'A exact
tests, general linear models, Kolmogorov-Smirnov tests, logistic regression, y',r
proportional odds models, .- tosts, and log-linear models.

The questionnaire and phyrical examlnatiun data vere analyzed by major 0
organ system. The priaery focus vas on the assessment of differences betveend 0
the Ranch Hand and Comparison groups based on data from the first follovap., ton
Additionally, dose-response relationships vwthi:4 the Ranch Hand group vere
examined, and longitudinal assessments of differences in the thanges of thetvo groups betveen the examinations vere conducted for selected variables.

Awtalab~llty Codes
Avail and/or

Dist Sp9oo1j.



In terms of general healtn, Ranch Uand enlisted groundcrew rated their
health as fair or poor more frequently than their enlisted Comparisons;
differences were not observed for the enlisted fl•'ers or the officers.
Phys'cian examiners detected no differences for appearance of illness or
distress or for the appearance of relative age. The Ranch Hands had sig-
nificantly lover percent body fat. They also had a higher proportion of
sedimentation rate abnormalities than the Comparisons, but mean sedimentation
rates were not statistically different between the two groups.

No significant differences between the Ranch Hand and Comparison groups
were seen in the 1982-1985 interval for skin or systemic cancers. However,
when overall lifetine basal cell carcinoma rates were adjusted for risk fac-
tors involved in the cause of such can,:ers (e.g., sun exposure, skin color,
skin reaction to sun), Ranch Hands had a significantly higher proportion of
basal cell carcinoma than Comparisons. No gv:up differences were observed
for systemic cancer, although two cases of possible dioxin-related cancer
were noted in Ranch Hands, bringing the lifetime total to two of these
cancers in each group. Overall, the cancer findings were not viewed as
disturbing but as reason for continued medical surveillance.

The neurological assessment of cranial nerve function, peripheral nerve
function, and central nervous system coordination did not reveal any consis-
tently significant group differences, although abnormalities tended to aggre-
gate in the Ranch Hands. The Babinski reflex (found adverse in the Ranch
Hands at the 1982 Baseline examination) was equal in both groups at the 1985
fcllovup. Age, alcohol, and diabetes shoved classical effects with many
neurological measurts.

In the psychological evaluation based on the Minnesota Multiphasic
Personality Inventory, the Comparisons had significantly more abnormalities
for the denial and masculinity/femininity scales, whereas the Ranch Hands
manifested marginally mo~e abnormalities in the hysteria and social intro-
version scales. The Ranch Hands shoved more abnormalities on the Cornell
Medical Index scales than did the Comparisons, but no differences were
detected between the two groups on the functionally oriented Halstead Reitan
Battery. There were no group differences for current or past neuroses or
psychoses. Age, educational level, and alcohol history shoved strong anC
expected effects on the psychological measures.

Both the interval and. the lifetime history of liver disease were equal
in both groups, as was a lifetime history of peptic ulcer disease. Of nine
liver function and two porphyrin laboratory te3ts, the Comparisons had
significantly higher serum glutamic pyruvic traimsaminase and uroporphyrin
means, whereas tht Ranch Hands had a significantly higher mean alkaline
phosphate level and a borderline elevated coproporphyrin value. There was no
evidence to suggest an increased likelihood of porphyria cutanea tarda in the
Ranch Hand group.

In the dermatological assessment, not one case of chloracne was diag-
nosed on examination, nor was historical af..ne anatomically distributed in a
pattern that suggested past chloracne in the Ranch Hand group. Exposure and
longitudinal analyses were also essentially negative.

The cardiovascular evaluation shoved no significant group differences
for reported or verified hypertension, reported heart disease, or reported or
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verified heart attacks. However, the frequency of verified heart disease was
* significantly greater in the Ranch Hands than the Comparisons. The assess-

ment of the central cardiac function by systolic blood pressure and electro-
cardiogram did not reveal any meaningful group differences. Evaluatioi, of
peripheral pulses by the Doppler technique revealed group equivalence in
marked contrast to the Baseline examination, which founr significant pulse
deficito in the Ranch Hands. This change was likely due to required tobacco
abstinence before the pulse me&surements. O'erxll, the groups were
remarksbly similar in cardiovascular health.

The assessment of eight hematological measures shoved no significant
group differences. In fact, the groups were more similar at the follovup
examination than at the Baseline examination. Age, race, and smoking were
significant risk factors for most hematological measures.

The groups did not differ significantly in reported past kidney disease,
although the Baseline questionnaire noted such in the Ranch Hand3. Five
laboratory measures of renal function were similar between groups in the
unadjusted analyses. No pattern of results suggested a detriment to either
group in the adjusted analyses.

For the endocrine function, TSH and testosterone means were signifi-
cantly higher in the Ranch Hands, but these results were not supported by the
categorical tests. The impaired category of the glucose tolerance test
revealed an excess in the Comparison group. Examination results for past
thyroid disease, thyroid and testicular abnormalities, and additional tests
for cortisol level and T3 X Uptake were similar in both groups. Age, race,
occupation, percent body fat, and personality type were often significant
adjusting variables. Overall, the endocrine health status was comparable in
both groups.

Comprehensive immunological tests composed of six cell surface marker
studies and three functional stimulation studies shoved no significanc group
differences in the unadjusted analyses. Age, smoking, and alcohol usage were
generally strong covariates. The assessment of delayed hypersensitivity by
skin testing was declared invalid because of excessive reader variation and
shifti:ig diagnostic criteria.

The pulmonary a.essment, consisting of past history, physical examina-
tion, and x-ray results did not indicate any consistently different di'.ease
patterns in the two groups. Age and lifetime smoking history were important
risk factors for most pulmonary mehsures.

The exposure index analyses, which were stratified by occupation,
revealed sporadic differences between exposure levels; however, there were no
consistent dose-response relationships that supported an herbicide effect for
any clinical area.

Longitudinal analyses were conducted for 19 variables, and 5 shoved
significant differences in the changes of the groups between the Baseline and
follovup examinations. Of these 5 variables, 1 (sedimentation rate) was
believed to be related to a change in laboratory methods, and the other
4 (Bab~nski reflex, depression, platelet count, and manual all pulse index)
were attributed to true changes over time for the groups. In comparing all
results between the examinations as well as the formal longitudinal analyses,

0
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a subtle, but consistent, drecrease in group differences over the 3-year
period has beea observed.

The process of inferring causality is complex and must be based on care-

ful consideration of many factors. Any interpretations of the data must
consider the biological plausibility, clinical significance, specificity and
consistency of the findings, and a host of statistical factors, such as
strength of the association, lack of independence of the measurements, and
multiple testing.

By direct and indirect evidence, it is concluded that this study is free
of overt bias and that the measurement systems used to obtain the data were
accurate and valid. By an overall pattern assessment, it is further con-
cluded that the Ranch Hand and Comparison populations are similar.

Finally, this first followup examination report concludes that there is
insufficient evidence to supporc a cause and effect relationship betveek)
herbicide exposure and adverse health in the Ranch Hand group at this time.
The study has revealed a number of minor medical findings that require con-
tinued surveillance. In full context, the results of this study must be
viewed as additional reassuring evidence that, at this time, the current
state of health of the Ranch Hand participants is unrelated to herbicide
exposure in Vietnam.
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The release of this 1997 follovup Morbidity Report marks more than
8-1/2 years of !ntensive Air Forc~e research into the herbicide question.
Since the commitment to Congress in octoiler 1978 to conduct an epidemiologic
investigation of Air Force personnel vho aerially disseminated herbicides in
the Vietnae War (code-named Operation Ranch Hand), the United States Air
Force Surgeon Goenral has issued the following publications: a Study
Protocol, four annual mortality reports, the Baseline Mcrbidity Report, and
this first follovup morbidity report. Within the next 2 years, the second
followup morbidity report, other annual mortality reports, and an expanded
birth defects study are expected for publication. This level of commitnmet
has used approximately $40 million of contract research funds, excluding
significant Air Force in-house expend.tures.

Nearly 100 Government, academic, and industry scientists have guided and
contributed to the Air Force Kealth Study (APES) aince its inception. The
Air Force'& current advisory comittee, chaired by Dr. Robert V. Miller of
the National Cancer Institute, is re.ponsibl.i for providing assistance on all
scientific and medical matters pertaining to the APIS. The distinguished
panelists are listed in Appendix A.

There are numerous scientific strengths in the APIS, beginning with the
unequivocal exposure status of the Ranch Hand population, estimatrl to have
been, on the average, 1,000 times that experienced by an unclothed man
directly beneath a spraying aircraft. In the other direction, the Ranch Hand
population was probably less exposed to dioxin than many studied industrial
populations (based upon a lack of chloracne), and may not develop adverse
health consequences because of a possible threshold mechanism. However, the
participants of the AFES have a sore defined exposure than the ground troops
and constitute P. larger population under study than industrial cohorts.

The chief strength of the AFUS is its design. The interwoven study
elements of multiple sortality assessments, a Baseline morbidity study, and
five follovup morbidity studies over 20 years provide a conprehensive
approach to the detection of attributable adverse health effects. The
weakest feature of the design is the mortality assessment which, in the
absence of significant case clustering, cannot detect group differences for
very rare conditions (e.g., soft tissue sarcoma) because of the inherent
constraints of the limited size of the Ranch Hand population. To some
extent, this problem may be offset for the more prevalent cancers by com-
bining both living and fatal cancers for future analyses. The strength of
the mortality studies should increase with the aging of the study population
and the concomitant increase in death with the passage of time.

All four mortality assessments have shown that the Ranch Hand population
is faring about the same as the CoapArison group, with no unusual causes of
death, increased frequency of death, or evidence suggesting death at younger
ages. Because of the healthy veteran effect, both groups are survivAng
significantly longer than similarly aged civilians. The morbidity assess-
ment, released in 1984, disclosed only minor differences between the Ranch
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Hands and the Comparisons, and these differances vera not traditional indi-
cators of dioxin-related disease. Both the content and the progress of the
AFHS has been presented on imiy occasions to Congress, to the medla, and tre
scientific meetings around the world. On the whole, the AFHS has been very
well received in these circles, giving additional strength and credence to
thi3 work.

This report of the first follovup study is important as it marks the
sustaiped comaitment of Congress and the Air Force to pursue the Agent Orange
question to its logical scientific conclusion. From the medical and scien-
tific perspectives, this followup examination gives the first opportunity to
confirm or refute some of the Baseline findings, and to explore subtle longi-
tudinal changes while controlling for confounding factors. The fifth-year
follovup examination, which will have been initiated when this report is
released, will be conducted at an average time of 20 years postexposure for
the Ranch Hands, a critical period for the emergence of attributable cancer.
Follovup studies such as these provide the most powerful scientific means of
detecting emerging herbicide effects.

This reloort difters slightly from the Baseline Morbidity Report in
several ways. The populations under s~udy have . nged slightly (see
Chapter 2), since some Rarch Hands and Comparisons have voluntarily dropped
out of the itudy, and additional study participants have Joined (via the
Comparison replacement strategy, or the additioa of :ormerly noncompliant
participants). Further, a greater variety of statistical techniques are used
to explore bias coasiderations, subgroup categorical differences (see Chapter
7), and "best" model fitting via the itse of two- and three-way interactions.
In addition, specific medical tests were include6 in this examination to
clarify whether less specific Baseline findings were relevant (e.g., Doppler
measurement of arterial pulses).

Early in both the examination and analysis phases of this follovup
examination, it became clear that a Joint Air Force-contractor approach to
the analysis of the data was required. The Air Force elected to perform much
of the analytical work of this report (e.g., bias, compliance, longitudinal,
an.! pulmonary analyses). Thus, this study has transition*d from "indepen-
dent" contract werk to a genuine team effort batveen the Science Applications
International Corporation (SAIC) and the Air Force scientific staffs. In the
spirit of this enriching teamwork, SAIC has listed the Air Force scientific,
staff co-equally on the cover page of this report. Because of the highly
professional scientific interchanges on many challenging aspects of the
analytical work, it is believed that this report represents a scientific
product unattainable by either team independent of the other.

A brief explanation of this report to the reader is in order. This
report is written primarily for clinical epiamielogistv, clinicians, and
biostatisticians so that they may fully evaluate the data and analytic
techniques herein. There are segments of thiL report that will be difficult
for even the most experienced of these specialists to understand. Complete
familiarity with the Study Protocol and prior mortality and morbidity reports
is essential in the full understanding of this report. Thus, this report 1i
not intended for rapid distillation by the layman or by media representa-
tives. It should be noted that the intent of the introductions of the
clinical chapters is to provide only a broad overview of the literature with
respect to dioxin endpointa. In addition, the statistical analyses in this
report were generally prescribed by the Air Forc. (based primarily upon
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analyses performed for the Baseline Morbidity Report) and are not ad hoc
analyses. The report format hav been• established to be complete, rigorous,
and straightforvard on ell issuaw' so that maximum scientific credibility will
be maintained. As vith the Baseline report, the contractor, with Air Force
authority, or the Air Force itself, will respond to telephone or written
inquiries about the content of this report.

-his report, prepared by Science Applications International Corporation,
is subvitted as partial fulfillment of Contract No. F41689-35-D-O010.
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CAPTrU I

This chapter bciefly describes the background of the Air Force Health
Study (AFHS) and provides an overview of the study design and purpose of this
report. Portions of this chapter have been paraphrased from the Baseline
Morbidity Report, 24 February 1984.

In January 1962, President John F. Kennedy approved a program of aerial
herbicide dissemination, for the purpose of defoliation and crop destruction,
in support of tactical military opArations in the Republic of Vietnam (RVN).
Under this program, code-named Operation Ranch Hand and in operation from 1962
to 1971, approximately 19 million gallons of hlrbicides were dispersed on an
estimated 10 to 20 percent of South Vietnam." Approximately 11 million
gallons of Herbicide Orange, the primary defoliant of the six herbicides
utilized in the program, were disseminated.

Operation Ranch Kand was the subje-t of intense scrutiny from the start
due to the controversial nature of the program and political sensitivity to
chemical warfare charges contained in enemy propaganda. The concerns, which
were Initially based on military, political, and ecological issues, shifted
during 1977 to health issues. Numerous claim of exposure to herbicides,
particularly Herbicide Orange and its dioxin contaminant, and subsequent
adverse health effects among U.S. military sarvice personnel have resulted in
class action litigation and substantial controversy. Social concern for the
Herbicide Orange issue continues to be manifest by continuing scientific
research, media presentations, congressional hearings, and legal action.

The U.S. Air Force Medical Service's concern for the health of Air Force
personnel exposed to herbicides vas demonstrated in October 1978 when the Air
Force Deputy Surgeon General made a .-ommitment to Congress and to the White
House to conduct a health study on the Ranch Hand population, the aviators who
disseminated the majority of the defoliants in the WVN. The prevaAling
reasons for the study commitment included the availability of a definitive
occupational exposure to herbicides, a sufficient ample size for survey and
clinical research, the ability to ascertain the population at risk, and an
opportunity for the Air force Medical Corps to fulfill its adage "we care" to
the Air Force community.

The Air Force School of Aerospace Medicine, Brooks Air Force Base, Texas,
was tasked by the Surgeon General to develop the Study P:otocol. In 1982,
after extensivy peer revie'#, the epidemiologic study began, and the Protocol
was published.

Since 1978, numerous animal and human studies of dioxin effects have been
planned or initiated by governmental agencies, universities, and industrial
firms. The key scientific issue in these studies was the extent of exposure,
e.g., who was exposed and how much each individual was exposed. Unfortu-
nately, population identification and exposure estimation, which are critical
for a valid study of ground troops, have been scientifically elusive.
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It is believed that of all the military personnel who served the RVN,
the Ranch Hand population van the most highly exposed to herbicides. Exposure
estimates indicate that th'% average Ranch Hand received 1,000 times more expo-
sure to Herbicide Orange and 2,3,7,8-tetrachlorodibenso-p-dioxin (TCDD) during
his tour in the RVN than an average sale would receive standing unclothed
undez a spraying aircraft in an oren field. Based on the principle of dose-
responise, the Ranch Hands should manifest more and/or earlier evidence of
adver:ie health. Thus, the results of the APHS should serve as an indicator of
herbicide effects in ground personnel.

STIW URSIGN

The purpose of the study is to determine whether adverse health effects
exist and can be attributed to occupational exposure to Herbicide Orange. The
study, consisting of mortality and morbidity components, Is based on a matched
cohort design in a nonconcurrent prospective setting with follovup studies.
Complete details on the design are provided in the Study Protocol.

The nonconcurrent aspect of the design results from tht fact that the
Ranch Bands were exposed over time between 1962 and 1971. This staggared
exposure is accounted for in the design of the studies to address latency
considerations.

For the Baseline study, the population ascertainment process identified
1,264 Ranch Hand personnel who served in the RVN between 1962 and 1971. By
the time the first follovup bean in 1985, an additional 11 Ranch Hands had
been identified, bringing the tntal Ranch Sand population to 1,275. A
Comparison group was formed, consisting of individuals assigned to selected
Air Force units with missions of flyLig cArgo to, from, and within the RVN
during the same period. Using a compu- '.Rred nearest neighbor selection
procedure, a meaximum of 10 Comparisons was selected for esch Ranch Band,
matching on age, race, and military occupation. After personnel record
reviews, each Ranch Band who was determined to be eligible and fully suitable
for study had an average of 8.2 Comparison subjects.

The mortality component addresses mortality fro the tiFe of the RVN
assignment. A Baseline mortality study was conducted in 1982, and the mor-
tality follovup consists of annual mortality updates for 20 years. For the
Baseline study and the first four updates, five individuals were randomly
selected from the matchd Comparison set for a 1:5 design. Subsequent to
1986, the design will be expanded to include all of the individuals in the
Comparison set.

The Baseline morbidity component, begun in 1982, reconstructed the
medical history of each participant by reviewing and coding past medical rec-
ords. A cross-sectional element, designed to assess the participant's current
state of mental and physical health, was based on comprehensive questionnaires
and physical examinations given to the participants. For thit component of
the study, nach living Ranch Hand and the first living member of his
Comparison set vere selected to participate in the examination. Sequential
questionnaires, medical record reviews, and physical examinations in 1985,
1987, 1992, 1997, and 2002 comprise the morbidity study followup.

1
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PURPOSE

The 1985 morbidity follovup is the subject of this report. The objective
of the morbidity follovup is to continue the investigation of the possible
long-term health effects fofloving exposure to TCDD-containing herbicides.
This report describes the procedures and results of the first morbidity
follovup of the AFHS. Analysis of reproductive and fertility data vill be
conducted by the U.S. Air Force and is not part of this report.
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CHAPlT 2

POPUIATION

This chapter provides a description of participant selection, the
enrollment process, and the demographic characteristics of the population
that participated in the clinical and questionnaire portions of the first
follovup morbidity study in 1985.

BASELIM CANDIDATE IDIIFICATION

The study population for the first follovup was defined by the Air Force
investigators as part of the Baseline study design. Using detailed searches
through Air Force and other Government record systems, a total of 1,264 per-
sonnel vho had participated in Operation Ranch Hand was identified. Using
the same historical data sources, a Comparison population of 24,971 individ-
uals that had been assigned to a variety of military cargo missions in
Southeast Asia during the same time period vas Identified.

The Ranch Hand and the Comparison populations were matched after all
individuals vho had been killed in the Vietnam conflict were removed. The
matching process vas conducted using a computer program employing iterative
nearest-neighbor statistical techniques in order to associate each Ranch Hand
with 10 Comparisons by race (Black/nonblack), closest date of birth, and
occupational category during Vietnam service (officer-pilot, officer-
navigator, otficer-nonflying, enlisted flyer, and enlistod groundcrev). For
each Ranch Hand, I of the 10 matched Comparisons vas selected at random and
designated the Original Comparison. The resulting exposed and multiple
matched Comparison study design was used for the Baseline effort.

During the questionnaire administration of the Baseline study, it was
discovered that 18 percent of the Comparison population had been misselected
vith respect to their Southeast Asia military experience. After eliminating
these ineligible Comparisons, the remaining Comparison set was collapsed to a
1:8 study design, vhich was used for all subsequent eligibility determi-
nations.

During the course of the Baseline morbidity study, five new Ranch Hands
were verified as elifibl, for the study and were added to the exposed group.
In addition, two Ranch Hands who had been misclassified as Comparisons were
identified during the questionnaire administration. These individuals were
reclassified as exposed and new Comparisons were assigned appropriately.
Following the completion of the Baseline morbidity study, 10 additional
Operation Ranch Hand participants were located and added to the study popula-
tion for the follovup phases.
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FOL.OW? CANDIDATI IDIIFICATION

One of the preliminary tasks associated vith the follovup study was to
conduct a telephone survey of uncontacted'replacement candidates. The
purpose of the survey was to obtain new information on the candidate's
general health, economic situation, and willingness to participate in the
study.

The Air Force address file, assembled and maintainc! since 1981,
provided the basis for the telephone survey contact list A location
algorithm described in Chapte: 3 was developed in order o find those
individuals no longer at the address and telephone numbe ndicated in the
Baseline file.

A total of 7,411 cardidate replacements out of the candidate file of
7,963 was located, interviewed using computer-aided telephone interview
(CATI) techniques, and confirmed as •ligible candidate study participants.
Of the 552 candidates who could not be interviewed, 26 were deceased,
335 refused, 190 were unlocatable, and 1 respondent had not served in
Southeast Asia and was therefore ineligible for the study.

Table 2-1 provides the number of candidate participants by Baseline
compliance category for the Ranch Hand and Comparison groups.

PARTICIPANT SKiZCZION

The participant selection protocol used for the follovup was similar to
that used at Baseline with one important exception. If the Original Compari-
son declined to participate, the next randomly ordered candidate lor the
corresponding Ranch Hand with the same self-perception of health was con-
tacted and recruited for the study. This matching process was not feasible
at Baseline because the addresses of the Comparison pool were not fully
ascertained. Perception of health was subjectively determined by the candi-
date during the telephone interview. The rationale for matching replacement
Comparisons on self-perceived health status was an attempt to minimize any
bias that might result from differential compliance. All candidates who had
been contacted and invited to participate during the Baseline, including
those who were refusals and partial compliers, were contacted and invited to
the follovup along with newly verified or located Ranch Hands and their
Comparisons.

NOWOLUID

The enrollment of candidates was based on the Baseline lists and health
status information from the telephone survey. Recruitment was conducted for
questionnaire interviews and clinical examinations that began in May 1985 and
ended in March 1986. Approximately 70 individuals were examined each week in
two groups of 35. A total of 2,309 Ranch Hands and Comparisons participated
in both the questionnaire and clinical examination portions of the APHS
followup. Since the follovup questionnaire was administered at the physical
examination site, there were no "partially compliant" participants at
follovup.

2
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TABLE 2-1.

Candidate Follovup Participants by Group and
Baseline Compliaute Status

Number Category

Candidate Ranch Hands (by Baseline Status)

1,045 Ranch Hands Who Completed Both Baseline Questionnaire
and Physical Examination (Fully Compliant)

129 Ranch Hands Who Completed Only Baseline Que-tionnaire
(Partially Compliant)

32 Ranch Hands -Who Declined to Take Part in Baseline
(Noncompliant)

10 Newly Verified or Located Ranch Hands

1,216 Total

Candtdat• Comparisons (by Baseline Szatus)

936 Original Comparisons Who Completed Both Baseline
Questionnaire and Physical Examinaton (Fully Compliant)

220 Original Comparisons Who Completed Only Baseline
Questionnaire (Partially Compliant)

79 Original Comparisons Who Declined to Take Part in Baseline
(Noncompliant)

288 Replacement Comparisons Who Completed Both Baseline
Questionnaire &ad Physical Examination (Fully Compliant)

88 Replacement CompariLons Vho Completed Only Baseline
Questionnaire (Partially Compliant)

49 Replacement Comparisons Who Declined to Take Part in the
Study (Noncompliant)

7,411 Replacement Comparisons Vho Had Not Been Contacted
Previously

9,071 Total
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Enrollment vas managed uaing an automated scheduling and tracking system
to maintain and record all candidate recruitment contacts, actions, and
status; cliniral examination group scheduling; schedule mo'ffications,
cantillations, and completions; end a comprehensive set of logstic manage-
ment reports. An effort vas made to successfully recruit evary individual
eligible for the study. The number of participants vho paricipated in the
physical ex&a.ination and questionnaire of the first foll-isup is provided in
Table 2-2..

Of the 1,016 Ranch Hands, all but 53 had matched Comparisons vho also
participated in the study. Due to the selection strategy used and the
recruitment of previous noncompliants, several of the Ranch Hands had
multiple Comparisons. The selection strategy resulted in 79 Ranch Hands
having 2 Comparisons, 9 having 3 Comparisons, and 1 Ranch Band having a total
of 5 Comparisons completing the follovup. In accordance vith the Study
Protocol, eligible Comparisons vere enrolled vithout regard to the compliance
status of the corresponding Ranch Hand. There vere 221 Comparisons in the
follovup study vhose matched Ranch Hard did not participate.

PUSCAL USTICS AN) AD3ITS O POLLOVUP POPULATITO

The data on personal characteristics of the Ranch Hand and Comparison
individuals vere ebtained from the follovup questionnaire. The areas of
tobacco, alcohol, and marijuana use; personal and family income; education;
religious preference; active duty/retired/separated status; and risk-taking
behavior received particular attention. These variables vere examined to
assess the similarity of the tvo groups in social and behavioral character-
istics, vhich verm. not included in the statistical matching process.

The participants in the study vere matched on age. The age character-
istics of the study population are shorn in Table 2-3. The mean and median
ages of the Ranch Hand and Comparison groups vere nearly identical.

The smoking and alcohol-use habits of the study aubjects are displayed
in Table 2-4. More participating Ranch Hands smoked cigarettes at the time
of the follovup physical *xamination than did the Comparisons (40.1Z versus
35.OX). This difference in current smoking behavior vax statistically
significant (p.0.01). In the intervening years since the Baseline examina-
tion, 5.6 percent of the Ranch Hands and 4.6 percent of the Comparisons had
stopped smoking. The proportions of participants vho ever smoked !ýgarettes,
pipes, or cigars vtre not significantly different in the two groups.
Similarly, the number of participants vho Arark alcohol in the years since
1982 vas not statistically different betvten wroups.

Data concerning the use of marijuana were gathered by different methods
in the two intervievs. In the Baseline questionnaire in 1982, confiden-
tiality of response vas given to r1l participants, but ansvers vere identifi-
able for each participant. At the 1985 follovup, random response techniques'
were used on the marijuana questions to overcome the problem of participants
either refusing to respond or giving misleading replies to these highly
sensitive and personal questions. With this technique, a coin vas flipped by
the respondent, who then ansvered either th. marijuana question or a neutral
unrelated question, vhich had an answer of knovn probability. The outcome of

2
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TABU. 2-2.

Participant. hnrilled in the Follovup Study by Group and
5eaeltint CompliAvea Status

Number Category

Enrolled Ranch Hands (by Baseline Status)

971 Ranch Hands Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)

39 Ranch Hands Who Completed Only Baseline
Questionnaire (Partially Compliant)

0 Ranch Hands Who Declined to Take Part in
Baseline (Noncompliant)

6 Nevly Verified or Lo:ated Ranch Hands

1,016 Total

Enrolled Comparisons (by Baseline Status)

0872 Original Comparisons Who Completed Both Baseline
QuestiouvAire and Physical Examaiaation (Fully Compliant)

61 Original Comparisons Who Completed Only Baseline
Questionnaire (Partially Compliant)

10 Original Comparisons Who Declined to Take Part in

Baseline (Noncompliant)

12 Ney Original CoLparisons

467 Replacement Comparisons Who Completed Both Baseline
Questionnaire and Physical Examination (Fully Compliant)

32 Replacement Comparisons Who Completed Only Baseline
Questionnaire (PaL tially Compliant)

11 Replacement Comparisons Vho Declined to Take Part in
Baseline (Noncompliant)

28 Nev Replacement Comparisons

1,293 Total

0
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ThALE 2-3.

Age (in 1965) of
Participants of the Pollowup lzominatioa by Group

Group

Ranch Hand Comparison

Age Category Number Percent Number Percent

43 or Less 412 40.6 549 42.5

44 to 62 568 55.9 693 53.6

63 or More 36 3.5 51 3.9

Total 1,016 100.0 1,293 100.0

Group

Ranch Hand Comparison

Range 35-72 Years 35-77 Years

Mean 46.9 Years 46.8 Years

Median 47 Years 46 Years

the coin flip was unknovn to the interviever. Thus, no given reply could be
traced, although the proportion of the population that had the sensitive
characteristic (marijuana use) could be estimated.

There vere no'statistically significant differences between the Ranch
Hand and Comparison groups in the reported use of marijuana in the 30 days
preceding the examination (7.8% and 9.2%, respectively). A much higher per-
centage, 26.3 percent of the Ranch Hands and 31.0 percent of the Comparisons,
reported smoking marijuana at some time in the past. At Baseline, only
5.1 percent of each group reported ever using marijuana. These differences
over time were most likely due to a greater sense of confidentiality
generated by the random response techniques used in the 1985 questionnaire.

The mean usage levels of tobacco and alcohol among those participants
who did indulge in these habits are shorn in Table 2-5 as pack-years, cigar-
years, pipe-years, or drink-years. Mean alcohdl use per day vas 6 26 drinks
per day lor the Ranch Hands and 6.42 for the Comparisons. In most of the
cumulative measurements, the median level of use vas lower than the mean
level, indicating that the heavy users of these substances skeved the
distributions. Eighty-nine percent of both groups reported having consumed
alcohol since the last physical examination. Differences in these calculated
variables might have been due to either actual changes in behavior or to
differences in the questionnaires used to collect the basic data.

2-6



TABLE 2-4.

History of Tobacco and Alcobol Use
of Participants of the Vollovup Examination by Group

Group

Ranch Hand Comparison

Habit Yes Percent No Percent Yes Percent No Percent p-Value

Current Use of 407 40.1 609 59.9 453 35.0 840 65.0 0.01
Cigarettes

Past History of 752 74.0 264 26.0 944 73.0 349 27.0 0.58
Cigarettes

Past distory of 249 24.5 767 75.5 345 26.7 948 73.3 0.24
Cigar Use

Past History of 265 26.1 751 73.9 340 26.3 953 73.7 0.92
Pipe Use

Past History of 26.3 732.7 31.0 69.0 0.15
Marijuana Use*

*Marijuana Use* 7.8 92.2 9.2 90.8 0.52
vithin Past
30 Days

Use of Alcohol 901 88.7 115 11.3 1,147 88.7 146 11.3 0.98
since Last
Interviev

*Estimates based on random response techDique.
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TABLE 2-5.

Average Use of Tobacco Products and Alc'hol
for Those Reporting Use of These Substances:

Participants of the Follovup Examination by Group

Group

Ranch Hand Comparison

Substance Mean Median Mean Median

Cigarettes per Day (Current Use) 26.54 '5.00 25.77 25.00

Cigarettes, Pack-Years (Cumulative) 17.69 13.00 17.61 13.00

Cigar-Years (Cumulative) 11.25 1.30 10.96 1.00

Pipe-Years (Cumulative) 20.03 6.10 16.90 4.00

Alcohol Drinks per Day 6.26 6.00 6.42 5.00
(Current Use)

Drink-Years (Since Last Interview) 1.81 0.80 1.89 0.74

Drink-Years (Cumulative) 26.59 12.80 25.04 13.00

Educational background and religious preference for the two groups are
presented in Tables 2-6 and 2-7. The current military status of each indi-
vidual was classified as active duty, retired, separated, reserve duty, or
deceased. There were no significant differences between the two groups.
These data are presented in Table 2-8 and shoved equivalence of the two
groups in these social variables.

Data on income vere collected in a categorical form, and the median
income levels of the Ranch Hand and Comparison groups were comparable. The
median personal income in both groups was in the $25,000 to $30,000 range,
and the median total family income ranged from $40,000 to $45,000 in each
group.

Ri.ik-taking behavior patterns of the study population were assessed by a
series of questions that emphasized participation in potentially dangerous
recreational activities. These data are sumiarized in Table 2-9. In motor-
vehicle racing (automobiles, boats, and motorcycles) and scuba diving, there
were group differences of borderline significance (pm0.07 and p-0.0 9 , respec-
tively). Slightly more Comparisons were scuba divers (12.4% versus 10.12),
and more Ranch Hatds raced motor vehicles (12.9% versus 10.4%). There was a
significant difference in scuba diving at Baseline (p.0.04), when more
Comparisons were scuba divers (12.7% versus 9.9%).
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TABLE 2-6.

Iducatioal Sa gound of Participants of the
lollevup Kzamination by Group

Group

Ranch Hand Comparison

Educational Level Number jercent Number Percent

High School/GED 522 51.4 655 50.7

Associate Degree 84 8.3 114 8.8

BA/BS Degree 194 19.1 271 21.0

Graduate Degree 203 20.0 239 18.5

Unknovn 13 1.3 14 1.1

p-O.64

TABLE 2-7.

Religlous Preference of Participants 41 the
lollovup Rxauinction by Group

Group

Ranch Hand Comparison

Religious Preference Number Percent Number Percent

Protestant 671 65.0 856 66.2

Catholic 215 21 2 281 21.7

Jevish 9 0.9 15 i. 2

Other 37 3.6 54 4.2

None 84 8.3 87 6.7

p-O. 60
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TABLZ 2-8.

Nilitary Status of Participants of the
Followup Examination by Group

Group

Ranch Hand Comparison

Military Status Number Percent Number Percent

Active Duty 89 8.8 118 9.1

Retired 553 54.4 683 52.6

Separated 313 30.8 420 32.5

Reserve Forces 55 5.4 65 5.0

Deceaseda 6 0.6 7 0.5

p"'0.90

"Died after the follovup examination.

These data reflected the overall equivalence of the two groups in social
and behavioral characteristics. The differences observed when these data
were contrasted to similar data at Baseline might have reflected differences
in data collection methods or slight changes in the cohorts rather than
changes in behavior among group utimbers.

LOWITUDINAL LOSSES AND GAINS

A total of 2,269 Ranch Hands and Comparisons was fully compliant with
the Baseline study. The study population of 2,309 for the follovup included
a loss of 159 participants and the addition of 199 individuals.

Loss to the follovap occurred either because the participant was
deceased, refused to participate, or vas unlocatable. The loss to followup
was 7 percent in both the Ranch Hand and Comparison groups. Of the
69 Comparisons lost to the follovup study due to refusal or inability to
locate, 17 were replaced. For the remaining 52, no replacement who satisfied
the health status matching criterion and was villing to participate wes
identified from the candidate replacements. The categories of these indi-
viduals are provided in Table 2-10. A total of 199 new participants were
recruited into 'the study based on the selection methodology used. Informa-
tion on the new participants is provided in Table 2-10.
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TANAL 2-9.

Risk-Taking Behavior ot Participants of the
Follovup uxamination by Group

Group

Ranch Hand Comparison

Activity Yes Percent No Percent Yes Percent No Percent p-Value

Scuba Diving 103 10.1 913 89.9 160 12.4 1,133 87.6 0.09

Auto, Boat, or 131 12.9 885 87.1 135 10.4 1,158 89.6 0.07
Motorcycle Racing

Acrobatic Flying 43 4°2 973 95.8 43 3.3 1,250 96.7 0.25

Sky Diving 22 2.2 994 97.8 32 2.5 1,261 97.5 0.62

Hang Gliding 11 1.1 i,0i5 98.9 14 1.1 1,279 98.9 1.00

Mountain Climbiitg 82 8.1 934 91.9 102 7.9 1,191 92.1 0.86

Surfboard Riding 81 8.0 935 92.0 91 7.0 1,202 93.0 0.40

Long-Distance 54 5.3 962 94.7 55 4.3 1,238 95.7 0.23
Sailing

Fast Downhill 170 16.7 846 83.3 184 14.2 1,108 85.8 0.10
Skiing*

p- 0 .10

*One Comparison was unwilling to respond.
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TADUS 2-10.

Los/es/qalne of Participeants Between the
Baseline and Followup Daminuntioo

Losses
Number Category

10 Ranch Hands Deceased
59 Ranch Hand Refusals

5 Ranch Hands Unlocatable

74 Total Ranch Smnds Lost

16 Comparisons Deceased

55 Comparison Refusals
14 Comparisons Unlocatable

85 Total Comparisons Lost

Gains

Number Category

39 Ranch Hands Partially Compliant atBaselithe,
6 Nevly Verified or Located Ranch Hands

45 Total Ranch Hands Added to Study

61 Partially Compliant Original
Coaparisons at Baseline

32 Partially Compliant Replacement
Comparisons at Baseline

11 ltvly Selected Original Comparisons
(For Nevly Verified Ranch Hands)

16 Replacements for Compliant Comparisons
Who Refused Pollovup

10 Noncompliant Original Comparisons Who
Agreed to Attend Follovup

11 Noncompliant Replacement Comparisons
Vho Agreed to Attend Follovup

1 Original Comparison Not Locatable at
Baseline but Found at Pollovup

3 Replacement Comparisons Not Locatable
at Baseline but Found at Follovup

9 Replacev'*nt Comparisons Not Contacted
at Basrilin~e

154 Total Comqprisons Added to Study
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SUDIARY

0 Participants vere recruited for the first follovup in accordance with
the Study Protocol. All participants (Rahch Hands and Comparisons) who ve-e
contacted for enrollment at Baseline vere recruited for this phase of the
study. Newly verified and located Ranch Hands, since Baseline, and their
respective Comparisons were invited to Join the study. Due to refusals among
the Comparisons, replacements from the previously uncontacted Comparisons
were selected for enrollment. The replacements were matched to the refusing
Comparisons on self-perception of health; health status data were obtained in
the telephone survey.

Personal characteristics of the two grou.s were compared, based on data
obtained from the follovup questionnaire. Contrasts cf age, educational
background, religious preforence, current military status, and income
revealed no significant differences between the Ranch Hand and Comparison
groups. Significantly more Ranch Hands smoked cigarettes at the time of the
follovup examination than did Comparisons, although there vere no significant
differences found for past history of cigarettes, cigars, or pipe use or for
recent or past use of marijuana. A much higher percentage of both grbups
reported smoking marijuana at some time in th, past at the follovup than at
Baseline. This difference was most likely due to a greater sense of
confidentiality generated by the random response techniques used in 1985.
The use of alcohol since the Baseline examination was not significantly
different between the two groups. The difference in the risk-taking behavior
patterns of the Ranch Hands and the Comparisons was marginally significant.
Slightly more Ranch Hands than Comparisons raced motor vehicles, and more
Comparisons were scuba divers.

The follovup study population included the loss of 159 participants
(74 Ranch Hands and 85 Comparisons) who were fully compliant at Baseline and
the additlon of 199 participants (45 Ranch Hands and 154 Comparisons). The
199 nevly examined study subjects consisted of 132 participants (39 Ranch
Hands, 61 Original Comparisons, and 32 replacement Comparisons) who were
partially co.pliant at Baseline, 21 participants (10 Originals and
11 replacements) who refused at Baseline, and 46 participants (6 Ranch Hands,
12 Originals, and 28 replacements) vho were new to the study.

Thus, the study population for the first followup of the AFHS consisted
of 2,309 individuals: 1,016 who had been associated with Operation Ranch
Hand and 1,293 Comparisons.
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S
CZAPTUR 3

QUSTONNA IM •METDOLOGY

This chapter discusses the development and the implementation of the
questionnaires used in the study: the participant interval questionnaire,
the spouse interval questionnaire, the Baseline participant and spouse
questionnaires, and the telephone survey of previously '_lncontacted
Comparisons.

The participant interval questionnaire was designed to capture the study
participant's health history in the 3 years since his participation in the
Baseline study. Data collection was comparable to the Baseline effort: The
questionnaire was very similar, and it was administered using the same face-
to-face methodology to virtually the same population. In the Baseline study,
intervievs were conducted in the participants' homes and the follovup inter-
view was conducted at the physical examination site. The revised aethodology
was more efficient and better subject to quality control.

The spouse interval questionnaire collected reproductive data si.~lar to
those collected at Baseline from spouses for the interval since Baseline.
The spouse interval questionnaires were mailed to the spouses to be self-
administered, or were completed in La Jolla, California, if the spouse
accompanied the participant to the physical exemination site. Analysis of
the spouse data is not included in this report.

Since some study subjects refused to participate in 1982 and other
participants were new to the study, Baseline questionnaires were administered
to these new participants and their spouses. The same procedures used at
Baseline were used to administer the Baseline questionnaires in the homes of
theze individuals.

The elements of each questionnaire are identified in Table B-1 of
Appendix B. Questionnaire development and administration and scheduling of
participants were conducted by the National Opinion Research Center (NORC), a
social science research center at the University of Chicago.

QUESTIOLVAIR DEVELOPEIWT

The goal of questionnair'ý development was to maintain to the maximum
extenc possible the question vordings, context, and procedures that were used
in the 1982 Baseline study. The largest task of questionnaire development
was asking for interval histories on crucial questionnaire items to update
the information provided by the 1982 Baseline questionnaires. For the
participant interval questionnaire, new questions vere also developed on risk
factors for skin cancer, rince the Baseline MorLidif 3 Report found Ranch
Hands to have an excess of itonmelanoma ski:i cancer. Bectuse the chemical
constituents of Herbicide Orange had not previously been associated vth skin
cancer in the literatuio, no questions had been includes in the Baseline
participant questionnaire to collect information on risk factoia for this
condition.
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New questions were added to determine personality type, since Type A
behavior is associated with coronary heart disease. The Jenkins Activity
Scale was administered to collect these data. Enhancements were also mede to
improve data collection for birth defects, smoking habits, and drinking 4
habits. A copy of the participant interval questionnaire is provided in
Appendix B.

An information sheet containing a computer-generated summary of key
respondent answers to the Baseline survey was used to provide bounded recall
for partizipants. Even when given a precise "starting date," respondents
frequently repeat information given earlier, neglect to report new infor-
mation because they thought they had previously reported it, and otherwise
misplace events in time or forget them completely. The best means of pre-
venting such errors is through the use of bounded recall, in which the
respondent is reminded of information he has already reported and new infor-
mation ia sought with reference to an updated information sheet. Among the
data elements included were date of birth, highest educational degree,
military status at last interview, marital status at last interview, and name
of spouse.

The questionnaire was pretested on 8 ineligible individuals who had been
interviewed during Baseline, and on 10 men who participated in the pretest
examination.

INTUV'I9ER TRAINIhN

Twelve intervieveEs vere recruited and trained by NORC's field manage-
merit and Chicago office staffs in Hay 1985 to administer the interval
questionnaires. The onsite NORC interview staff was not informed of the
exposure status of any study participant either before or after contract
completion. The site supervisor reported to the Project Director in Chicago
on a weekly basis, and quartorly visits were made to the site by the
Director. The site supervisor observed a sample of interviews, at: least one
per interviewer per week, and reviewed and edited interview questionnaires
before shipping them to Chicago for further processing.

In early 1985, personal intervieve-1 were recruited to conduct Baseline
Interviews for new participants in their homes. The interviewers -vere
trained in the Chicago NORC office, using questionnaires and procedures
established for the Baseline survey. They vvrQ supervised by an assistant
survey director in the NORC office, vho edited each completed questionnaire
and talked with each interviewer weekly.

TELEPORE SURVEY

The telephone survey of uncontacted Comparisons wvs intended to gather
dnta on the general health status of the 7,963 replacement candidates for tht
active Ccapariscn group. The sample consisted of men who served in C--130
units in Southeast Wa1 between 1962 and 1971, but who did not perticipate
actively in the Baseline phast of the study. A total of 7,411 cases (93%)
was completee by NORC computer-assisted telephone interviewers. The
telephone survey was conducted prior to the scheduling of the physical
examinations.
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The key question asked was, "Compared to other people your age, would
you say that your health is...excellent, good, fair, poor?" Other questiona

* asked about current medications, severity of illness or injury during the
kast 6 months, and income. Locating and refusal conversion algorithms
similar to the Baseline data collection efforts were used.

The data from the telephone survey of uncontacted Comparisons were used
to select a replacement whose self-reported health status metched that of the
noncompliant Comparison. If a willing replacement was not found by this
method, the perception of health status variable was dichotomized into
excellent/good versus fair/poor, and a new replasement was selected from the
Comparison set. If this second attempt at identifying a suitable replacement
failed, no replacement was made. The selection procedure is provided in
Figure 3-1. In this example, the first randomly ordered Comparison was
contacted but refused to participate. In the second attempt, the Comparison
was deceased. The third Comparison volunteered to participate in the
morbidity study.

SCBDILING OF PARTICIPANTS

NORC recruited and trained four schedulers to perform the initial con-
tacts with study subjects. Their training included background information on
the details and purpose of the study, simulation of the actual scheduling of
calls, documentation of results, and cenversion of refusals. An initial
letter vws sent by the Air Force to each study subject, informing him of the
upcoming interval physical eraamination. The NORC scheduler then followed
this letter with a call to attempt to schedule the participant.

Refusals occurred at a number of steps in the scheduling process. A
team of conversion specialists was assigned to contact refusing study
subjects and attempt conversions. Help in conversion was also received from
individuals in the U.S. Atr Focce School of Aerospace Medicine and the Ranch
Hand Association. Many more participants were scheduled, but due to
"no-shows" at the examination site, and passive refusals who rescheduled
frequently, the final figure stood at 2,309.

The Baseline interviewer contacted the potential study participant by,
telephone for scheduling.the in-home interview. Toward the end of the
phy3ycal examination phase, the Baseline questionnaire wax administered at
the examination site by one of the interviewers who had been trathed in
administering that questionnaire. Of the 106 partiripant Baseline question-
naires addministered during the first follovup, 23 had to be conducteJ at the
exaiainbtion site.

The supervisor of taie Baseline interviewers conducted the locating
efforts for new and interval participsats, Procedures similar to thcse used
in 1982 were followed: a postal search, folloved by a local telephone
directory search, a motor vehicle registration search, and personal locading
efforts in the area of last known resience when appropriate. Tha Air Force
also provided locating support throuph its records.

DATA COLLECTION

Upon arrival at the Scripps Clinic and Research Foindation (SCRF),. the
participant received a schedule including the time and pla-v for the interval
interview, and a race-matched Intervlewer was aupoiu'ed to tonduct Lhe



Uomparison Individuals (Randomly Orderedi

Randomly Selected
Mortality Controls

Matched __ __ ___
Ranch Hand

t- + *

- Unwilling
+ DW cesed

* Aoluntewud

Replacement Candidates

Figure 3-1..
Selection Procidure for the Questionnaire,
Physical Examination, and Followup Study
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interview. Because of scheduling problems and the unavailability of a Black
interviewcr, 65 of the 143 Black study participants were interviewed by
whites.

As in all of the personal interviews for the AFUS, interviewers were
required to ask questions exactly as written, were not allowed to interpret
questions or inject personal commentary, and were not allowed to skip between
sections of the questionnaire. They were also initructed to probe "don't
knovw" asvers at least once. During the interviev, medical record release
forum were signed. The respondent was also asked to give the current name
and address for each former spouse listed in the questionnaire, so that
spouse questionnaires could be mailed to these individuals.

The spouse interval survey was mailed to current spouses at the time the
study subject was at the SCRF. Tvo MORC Chicago telephone interviewers were
trained to prompt refusing spouses to return the questionnaire, or to
administer the spouse interview by telephone as pert of the refusal con-
version effort. It the spouse also traveled to La Jolla, the questionnaire
was completed under the supervision of a site interviewer. Of the 1,898 com-
pleted spouse interval questionnaires, 1,066 were returned by mail, 348 were
completed by telephone, and 484 were completed in La Jolla.

DATA PROC2SSIM

All completed interviews were sent to the NORC Chicago office following
editing by the site supervisor, who retrieved missing data from study
subjects while they vere still onsite; any further retrieval of critical
items was conducted from the Chicago office through telephone contacts.
Critical items were those for which missing data vere unacceptable.

The- quastionnaires were coded for data entry by a staff of five coders
who received a week of t.aining on the various AFES instruments. Data entry
was programm.d to provide value and raige checks as the data vere being
entered, to Ferform logic checks and arithmetic checks, to flag important
missing items, and to verify the key entry of 10 percent of each question-
naire. Then the data were run through an automated cleaning program to
detect a wide range of data errors that were corrected by pulling the hard
copy qu0estionnaires and reviewing each situation on a case-by-case basis. No
changes were ever made in the hard copy data; corrections were entered into
the dat:a tape, and the tape was run against the cleaning program until no
errors were detected.
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CHAPTER 4

PHYSICAL EXAKINATION METHODOLOGY

The first followup examination was provided to four categories of indi-
viduals: those who had taken the Baseline questionnaire and Baseline physi-
cal examination; those who had been invited to the Baseline events but chose
not to participate, only took the questionnaire, or were unlocatable; those
Comparisons who had not been invited previously, but who were selected as
replacements for Baseline Comparisons noncompliant to this followup examina-
tion; and the six newly identified Ranch Hands. As noted in the Baseline
Report, all potential study participants were verified as eligible for the
AFHS following a detailed review of military personnel records. Replacement
individuals were carefully selected, by matching data on the self-perception
of health from the noncompliant Comparison (obtained from the telephone sur-
vey) with those of the replacement candidate (see Chapter 3 for details).

The followup examination differed logistically from the Baseline exami-
nation in one significant way: All structured interval questionnaires were
administered at the examination site as contrasted to the in-home interviews
conducted at Bassline. The followup examination consisted of the following
major elements:

* Interval Questionnaire

* Combat Experience Questionnaire

* Review-of-Systems Questionnaire

* Psychological Testing

9 Physical Examination

* Specialized Testing, e.g., Doppler Arterial Studies

* Laboratory Testing

9 Psychological and Medical Outbriefings.

Details of the above examination elements were carefully prescribed by
the Air Force and set forth as contzactual requirements. Clinical innova-
tions or variations were neither desired nor authorized; all proposed exami-
nation procedural changes were reviewed in detail by Air Force technical and
contraztual personnel. An important objective of the technical review was to
ensure that bias was not created by any procedural change. The requirement
to maintain blind examinations was particularly stringent: The clinical
staff was prohibited from kloving or seeking information as to the group
identity (Ranch Hand, Comparison) of any participant. At the end of the
examination, each participant was asked to note on the critique form whether
such information was sought by any member of the clinical or paramedical
staff.
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ULNIUTION CONTE1Tr

Examination content vas designed by the Air Force to emphasize detection
of medical endpoints suspected of being associated with exposure to phenoxy
herbicides, chlorophenols, or dioxin. In addition, findings in the Baseline
examination were used by the Air Force to direct changes in the follovup
examination (e.g., abnormal pulses at Baseline zuggested the need for Doppler
measurements at the follovup). The general content of the physical examina-
tion and psychological test battery is shown 4-n Table 4-1, and the complete
laboratory test series is displayed in Table 4-2.

Quality control requirements for both laboratory testirn and clinical
procedures were extensive. Although details are provided in Chapter 6, the
following categories provide an overview of the extent of the quality empha-
sis. For laboratory testing, single reagent lots and control standards were
used when practical, duplicate specimens were routinely and blindly retested,
testing overlaps were mandatory when test reagents required change, and fast
initial response cumulative statistical techniques (FIR CUSUM) wore used to
detect rapidly any subtle test drift over time. In addition, 50 specimens
from the Baseline serum bank were recested to assess the.comparability of
laboratory methods. The SCRF clinical team wms carefully instructed to
assure clinical quality. The quality control element& included: a pretest
of the examination process; detailed clinical inspection techniques by SCRF,
Science Applications International Corporation (SAIC), and Air Force physi-
cians and personnel; preprinted mark-sense examination forms; clinical qual-
ity assurance meetings to detect and correct problems; and blindness of
exposure status ' the examination. In addition, participant rapport-
building techniques vere added to boost participation in future follovup
stulies, such as participant critique forwi and recreational opportunities
afforded to the accompanying family members.

CONDWT OF Z3IAIUTIONS

All examinations were conducted at SCE•F, La Jolla, California, from
May 1985 to March 1986. Except for weeks with national holidays, two groups
of participants, averaging about 32 per group, were examined weekly. Midway
through the study, NORC recruiters noted that a number of participants
refused the examination because of weekday business commitments or because of
single-parent responsibilities. Consequently, two special weekend examina-
tions were arranged late in the ertamination cycle, and many of the former
refusals vere then able to attend. The examination was identical to the
regular 2 1/2-day process, except that it vws compressed into 2 days by
reducing the number of participants in a group.

The logistics effort required in contacting, tranuporting, and examining
2,309 study members was fo•rmidable. Preexaminat-lon contacts consisted of the
telephone health survey, telephone recruitment to the examination if neces-
sary, auid calls by eithar the NORC scheduling specialists or by the travel
agent to ar:-nge transportation and det6rmine whether special requirements
existed (e.g., wheelchair assistance, weekend examination schedule). Once
scheduling was reasonably firm, the SAIC logistics coordinator sent each4
participant a datailed information package outlining dietary requirements,
inbriefing schedules, importarnt telephona numbers, a request for medical
records, and local maps des~gnating examination-site eating and recreational
facilities.
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TAIAl 4-1.

Elements of the Poilovup " eial Ixamination

Elements Remarks

General Physical Examination Internist

Neurological Examination Neurologist

Dermatological Examination Dermatologist

lectrocardiogram Resting, 4-Hour Fasting and
Nicotine Abstinence

Doppler Peripheral Arterial 4-Hour Nicotine Abstinence
Blood Flov Studies

Chest X Ray

Immunological Studies 50Z Random Sample

Skin Test Studies 75% Sample

Psychological Evaluation:
Minnesota Multiphasic

Personality Invtntory (NMPI)
Cornell Medical IndexHalstead-Reitan Battery

Patient Outbriefing and Discussion of Medical Diagnostician,
Individual Results Internist, and Ph.D.

Psychologist
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TABLE 4-2.

Laboratory Test Procedures of the Followup Physical Examination

Clinical Laboratory

Fasting Glucose 2-Hour Postprandial Glucose

Blood Urea Nitrogen (BUN) Creative Phosphokinase (CPK)

Cholesterol Total Bilirubin

HDL Cholesterol Direct Bilirubin
Triglyceride Total Protein

Serum Glutamic-Oxaloacetic Transaminase (SGOT) Protein Electrophoresis.

Serum Glutamic-Pyruvic Transaminase (SGFT) Routine Urinelysis

Gamma-Glutanyl Iranspeptidase (GGTP) T3 % Uptake

Alkaline Phosphatase T

Lactic Dehydrogenase (LDH) Testosterone

Thyroid Stimulating Hormone (TSH) Hepatitis B Surface Antigen

Initial Cortisol Hepatitis B Surface Antibody

2.-Hour Cortisol Follicle Stimulating Hormone
(FSH)

Prothrombin Time Rapid Plasma Reagin (RPR)

Quantitative Immunoglobulins Porphyrins (Mayo Clinic)

Complete Blood Count (CBC) Sedimentation Rate

Leuteinizing Hormone (LH)

Immunological Laboratory

Cell Surface (Phenotype) Analyses

Lymphocyte Mitogen Stimulation Assays

Mixed Lymphocyte Culture (MLC)

Natural Killer Cell Assay by Specific Cellular Cytotoxicity Using K-562
Target Cells

Natural Killer Cell Assay (Using Interferon) by Specific Cellular
Cytotoxicity Using K-562 Target Cells
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The logistical flow of the entire examination process yas complex.
Figures 4-1 and 4-2 outline participant flow for the first 2 examination
days. As depicted in these figures, each group of participants (generally
containing equal rumbers of Ranch Hands and Comparisons) was transported
early in the morning to SCRF on the first 2 days in a fasting state; tobacco,
alcohol, and coffee abstinence were also required. Following initial
inbriefing and blood dray on the first day, each participant was randomly
assigned to the examination grou'p or to tlke psychological testing group. On
the second day, these groups were reversed. After randomization, each member
was given an individualized 3-day schedule outlining his medical, interview-
ing, and laboratory appointments. The schedule carefully noted the specific
required periods of fast'ng and tobacco abstinence (see Figures 4-1 and 4-2
for generalized periods in relation to ECG and Doppler testing). Each indi-
vidual was reminded of the fact that all aspects of the examination were
strictly voluntary, and thet refusals would be honored vithout question.
Both general and specific consent forms (e.g., skin biopsy), approved by the
Air Force, were explained in detail.

In contrast to the Baseline examination, great reliance Vws placed upon
each individual to find the appropriate clinic area at his schetiuled time.
This approach had great appeal to this self-reliant population as evidenced
by critique feedback. Throughout the examination day, generous time was
provided for vaiting-room activities, i.e., renewal of past friendships,
discussions of the Vietnam War, consumption of refreshments vhen permitted,
and completion of paperwork. Day 3 of the examination was largely spent in
finishing up the specialty examinations and receiving the outbriefings from a
psychologist and medical diagnostician. Only upon completion of these
important debriefings were the participants paid their stipend, reimburseda for travel expenses, and transported to the airport.

As noted previously, tte SCRF clinical team was hand-picked for partici-
pation in this project. In total, 15 board-certified physicians in internal
medicine, neurology, and dermatology participated in the general, specialty,
and diagnostic examination. To reduce observer variability, turnover in the
clinical or paramedical staffs was minimized during the 9 months of examina-
tions. One SCRF physician served as the Project Medical Directo:, responsi-
ble for the scheduling, conduct, and quality control of the examinations.
All examining physicians were introduced to the mark-sense examination forms
during the pr.test examination. The layout of the form was designed tc
parallel the flow of the clinical examination so as to minimize recording
errors. Because data transcription was not permitted, each physician was
responsible for filling in the bubbled form. To a large extent, these mark-
sense forms and subsequent quality control were the primary reason for a
remarkably clean data set. Two examples of the mark-sense forms are
presented as Figures 4-3 and 4-4; a complete set of forms is provided in
Appendix C.

For the first follovup, the special testing included Doppler tests,
delayed hypersensitivity skin tests, and immunological tests. Doppler
measurements were obtained on all participants by highly experienced
technicians; results were recorded and Polaroid photographs were taken of
representative os 1lloscope displays. As previously noted, considerable
emphasis vas placed upon tobacco abstinence prior to Doppler evaluations.
Skin tests for four antigens were administered in a standardized manner:
Candida (1:1,000 veight/volume, 0.1 ml intradermal), mumps (2 complement-

S fin-gunits). Trichophyton (1:1,000 weight/volume, 0.1 ml intradermal), and
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CRAPTR 5

STUDY SELECTION AND PARTICIPATION BIAS

INTRODUCTION AND BASELINM SUMNARY

The Protocol

During the design phase, the authors of the Protocol anticipated that
loss to followup would pose the greatest threat to the validity of the study.
In particular, they expected differential compliance with relatively more
Ranch Hands self-selecting themselves into the study than Comparisons and
vAth health differences of unknown character between noncompliant Ranch Hands
and noncompliant Comparisons. As a partial correction, the study design
specified that noncompliant Comparisons would be replaced by Comparisons
having the sane values of the matching variables and the sane health percep-
tion. In this way, the replacement Comparisons would serve as surrogates for
those Comparisons who refused to participate. This, in turn, would t~nd to
reduce the bias due to noncompliance in the Comparison group and would have
the added advantage of maintaining this group's sample size.

The Comparison in each randomized matched set who happened to be first
asked to participate in the Baseline questionnaire and physical examination
was identified as the Original Comparison for his respective Ranch Hand (in
accordance with the Protocol). If the Original Comparison was noncompliant,
that is, he refused to take the Baseline questionnaire or physical examina-
tion, his replacement was called a replacement Comparison. Replacement Com-
parisons were so distinguished to satisfy the Protocol requirement that they
be contrasted with the noncompliant Comparisons, also called refusals, they
replaced. No corresponding replacement strategy for the Ranch Hands was
possible since all Ranch Hand3 had been identified and invited to partici-
pate.

The Protocol further specified that the replacements would be statis-
tically compared with the noncompliant Original Comparisons to determine the
extent to which the replacement strategy was being realized. The statistical
contrast of replacements and refusals was to be based on responses to a non-
compliance telephone questionnaire administered to refusals an. to their
potential replacements. This questionnaire assessed self-perception of
health, days lost from work due to illness, and medication use, and was to
serve as the basis for the health matching called for in the Protocol.
Although the Protocol was not explicit on this point, it implied that the
decision to include or exclude the replacements from the study would be based
only on this contrast.

The Baseline Replacement Operation

The health-matching questions (identical to the noncompliance
questionnaire) were, in fact, not adminlstered to any potential replacement
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Comparison before selection at Baseline, although questions regarding
self-perception of health, medication use, and work loss were asked as part
of the Baseline questionnaire after entry into the study. The noncompliance
telephone questionnaire was offered to nohivompliant study participants, but
only 79 corupleted the telephone questionnaire, and of these only 57 were
actually replaced. Replacements were, therefore, not health matched to
refusals at Baseline. Rather, they were matched only on the basic matching
variables: date of birth, race, and occupation. The statistical contrast of
iefusals and their replacements vas not performed at Baseline.

During the scheduling operation at Baseline, two untoward events
occurred that led to the identification of two additional categories of Com-
parisons, shifted Comparisons and Air Force-interviewed replacements. First,
212 of the Original Comparisons were discovered to be ineligible for partici-
pation in the study due to errors in the data base regarding their unit of
assignment in Southeast Asia. These men had not served in Southeast Asia
but, due to a duplication of codes, were riistakenly included in the Compari-
son population. They were deleted from the study.

This resulted in another Comparison in each previously randomized match
set being first asked to participate ir the study. These new Original Com-
parisons were figuratively called "shifted" Comparisons, labeled S in the
Baseline Report, to describe the effective movement of these Comparisons in
each matched set to fill the space left by the removed ineligible Original
Comparinon. The eligible Original Comparisons'were labeled 0 in the Baseline
report. Shifted Comparisons are more accurately referred to here as shifted
Original Comparisons to emphasize that they are not replacement Comparisons
and that they are the legitimate Original Comparisons for their respective
Randh Hands. Shifted Original Comparisons are not replacement Comparisons
because their invitation to participate in the study was not the result of a
previous refusal of another Comparison in their respective matched Pets.
Shifted Original Comparisons were identified to reflect concern tbtt the
process by which Comparisons were determined ineligible may not have dis-
tributed ineligible Comparisons uniformly.

Second, 30 replacement Comparisons were interviewed by Air Force staff
rather than by the contractor. These replacements were labeled A. All other
replacement Comparisons, labeled R, were simply called "replacements,"

The removal of ineligible Comparisons from the study caused a pause in
the scheduling operation that delayed the scheduling of the shiftid Original
and replacement Comparisons relative to that of the Original Compariaons,
This scheduling delay is apparent in Figures V-3 and V-4 in the Baseline
Report. Some study investigators speculated that this scheduling slip might
cause shifted Original Comparisons and replacement Comparisons to self-select
differently from Original Comparisons. Statistical analyses in Chapter V of
the Baseline Report and further unpublished analyses following thd release of
the Baseline Report investigated the eftect of this scheduling problam.

The Baseline Selection Bias Analyses

Since replacements were not health matched at Baseline to their corres-
ponding noncompliant Cimparisons and since differential scheduling opportu-
nity may have created self-selection biases, statistical contrasts of the
variour Comparison groups were done at Baseline. In particular, the Compari-
sons labeled 0, S, R, and A were contrasted on the basis of self-perception
of health, medication use, work loss, and five clinical variables.
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The results of these analyses suggested to some investigators that
* shifted Original Comparisons were not statistically distinguishable from

Original Comparisons and that shifted Original Comparisons were not statis-
tically different from replacements, but that replacement Comparisons ap-
peared to be statistically different from Original Corparisons. The 30 Air
Force-interviewed replacement Comparisons were not statistically distinguish-
able from other replacement Comparisons and were not investigated further as
a group. Since opinions differed among Air Force principal investigators and
statisticians, a management decision was reached to use only the Original
Comparisons in the primary analyses and to contrast Ranch Hands with all
Comparisons in the appendix of the Baseiine Report. The reader is referred
to Chapter V of the Baseline Report for additional detail. In retrospect,
the concern with statistical distinguishability between replacement Compari-
son3 and Original Comparisons is diffitult to justify, since the only valid
question reg.rrding the replacements is their similarity to the refusals whom
they replaced.

The Baseiine Compliance Bias Analyses

Telephone questionnaire data obtained from the 57 noncompliant Compari-
sons, who vere replaced, were not-analyzed in the Baseline Report. Instead,
compliance bias wvs analyzed by contrasting partialiy compliant with fully
compliait participants, vitn adjustment for group (Ranch Hands, O S, R, A).
These analyses were based on iata from the Aaseline questionnaire regarding
self-perception of health, medication use, work loss, anger, anxiety, ero-
sion. depression, liver ailments, miscarriages, and acne. Results suggested
that p&rtially complie-it participants were statistically different from fully
compliant participants for come of these variables. Based on these results,
calculations were presented to suggest that the noncompliance bias could
produee an error in relative risk of 25 pQrcent, either overestimating or
underestimating the risk, and a spurious mean shift of up to 8 percent in
either direction.

THE FIRST FOLLOVUP SCHEDULING AND REPLACEHENT OPERATION

Matching of replacements to noncompliant Comparisons on the basis of
health status was initiated with the first followup scheduling operation.
This was accomplished by administering a short telephone questionnaire to all
previously uncontacted Comparisons and then using their health stptus re-
sponses to select from among the Comparisons in a matched set the first one
who was similar to the refusal regarding self-perception ot health. In addi-
tion, NORC vat required to schedule replacements within 5 working days of a
confirmed refusal. These features were intended to correct the described
Baseline scheduling deficiencies and to bring the study into Protocol
compliance regarding health matching of replacements.

To further minimize the possibility of scheduling bias, the entire study
population was partitioned into 79 groups; these groups were then randomly
scheduled for an examination time. In this way, no single group would be
favored a priori for a certain scheduling period. The groupings, consisting
of approximately 32 participants, corresponded to the examination groups
established at Baseline. Group integrity was maintained to enhance study
compliance and comradery. Study participants were given the option to remain
with their group or to reschedule their examination at a time more convenient
to them.
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FII TFOLik CONPLIANX

Eighty five percent (1,016/1,191) of the Ranch Hap.-s and 81 percent
(955/1,176) of the Original Comparisons participated in •he first follovvp
examtiztio-. and question-tire process. Of 288 replacevents, 267, or 93 per-
cent, cnase to attend the first follovup examination; additionally, 71 new
replacements participated in the followup, yielding a total sample size of
338 replacements at follovup. These counts and others art summarizad in
Table 5-1. It Table 5-1 and subsequently in this report, the shifted Origi-
nal Comparisons vere combined with the Original Comparisons, and the Air
Force replacements vere combined vith the replacement Comparisons.

TABLE 5-1.

Baseline Versus First Follovup Sample Sizes

Group

Comparison

Participation Ranch BHnd Original Replacement

Baseline Only 74 64 21
Baseline and Follovup 971 872 267
Follovup Only 45 83 71

Although fully compliant at Baseline, 74 Ranch Hands, 64 Original Com-
parisons, and 21 replacement Comparisons chose not to participate in the
first followup examination. In the interim, 10 of the 74 Ranch Hands and
16 of the 85 Comparisons died. An additional 5 of the 74 Ranch Hands and
14 of the 85 Comparisons vere unlocatable during the scheduling operation.
There were 56 of 59 remaining Ranch Hands and 50 of 55 remaining Comparisons
who refused to participate in the first follevup, although they were alive
and locatable during scheduling, and responded to the noncompliance teiephone
questionnaire, giving their reported health status and reason fur nonpartici-
pation. The 3 remaining Ranch Hands and 5 Comparisons refused to participate
in the telephone survey. Reasons for nonparticipation given in the telephone
survey are summarized In Table 5-2. The totals in Table 5-2 do not
correspond to Table 5-1 because some participants gave more than one reason
for nonparticipation.

Of the 56 living locatable Ranch Hands and the 50 Comparisons who took
the noncompliance telephone questionnaire, only 35 Ranch Hands and 42
Comparisons responded to the question regarding health status. The reported
health status of these 77 nonparticipants is summarized in Table 5-3.
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TABLE 5-2.

Rgesorr for Nomqirt-cIpe.ti in the First Followur
of 56 Ranch Hawds an 5% Counprlons Vho Were Fully

Compltat at Iaselinsa*

Group__

Ranch Hand Comparison

Reason Number Peczent Number Percant

Fear of Physical 0 0 2 4
Job Commitment 13 17 9 16
Dissatisfaction vith USAF 10 13 9 16
No Time oz Interest 7 9 6 11
Tzavel Distance, Family 13 17 12 21
Confidentiality 0 0 1 2
Health Reasons 3 11 3 5
Passive Refusal 11 15 6 11
Dissatisfaction vith 5 7 2 4
Baseline

Financial Hardship 3 4 0 0
Other 5 7 7 12

Total 75 57

*Some partieipants gave more than one reason for nonparticipation.

TABLE 5-3.

Reported Health Status ef 35 Ranch Hand, and
k,2 Coqmrtsocs '-Mlly Covpllant at faseline and

Moncompliant at First Follevup

R.,vr:"H Ecalth _2nch Hand Comparison

Status Number Percent Number Percent

Excellent 5 14 10 24
Good 22 63 22 52
Fair 6 17 8 19
Poor 2 6 2 5

Tota. 35 42

p-0.72
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Among the individuals responding to the Lealth status question, there was no
statiatica!ly significant diffeLence betveen noncompliant Ranch Hands and
Coemprisons regarding reported health (p.0.72).

Further detail regrrding the 45 Ranch Hands, 83 Originals# and
71 replacenmts newly examined at follovup is shown in Table 5-4, which gives
the Baseline stujus of these participants. Taking the questionnaire but not
the physical examination at Baseline were 39 of the 45 Ranch Hands newly
examined at follovup. Five of the 45 Ranch Hands who were identified too
late to be invited at Baseline were simply described an having had "no
action" taken.

TABIS 5-4.

Baseline Status of Newly hmminad Participants

Group

Conparisons

Baseline Status Ranch Hand Original Replacement

Interview Only, 39 61 32
•.efuaed Physical
Exaination

No Interview, 0 10 11
No Physical
Examination

Unlocatable 0 1 3
Aio Actlin 5 11 16
Prcx- 1 0 0
Nev to Study 0 0 9

Total 45 83 71

Of the "1 newly examined replacements, 43 (32+11) were either partinlly
compliant at Baseline or were at least contacted at Baseline and, therefore,
identified as replacements, although not health matched to a noncoupliant
Comparison. The remaining 28 newly examined replacements were rot previously
contacted. Of these, 14 were health-matched replacements and 2 were replace-
ments added to the study in August 1985 after completion ok the Baseline
physical examination. Thus, of the 71 replacements who took the physical
examination for the first time at fol,ovup, only 14 were new health-matched
replacements. All 71 replacements may be regarded as new to the study, even
though 43 had been previously contacted at Baseline and knew that they were
potential study participants. The 28 replacements who had not been
previously contacted may be regarded as new in a more restrictive sense since
they did not know of their potential involvement in this study before they
were recruited for the first follovup examination. This set of 71 replace-
ment Comparisons and the subset of 28 are distinguished from each other using
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the unrestricted amid restricted definitions of "now" to provide data
regarding changes ýLn replacement self-selection, an issue explored later in
this chapter.

FACTOS KNOW OR SUSPECTED TO INFLUENCE STUDY PARTICIPATION

A multitude oif factors may be considered to influence self-selection.
These may be broadly classified as health, logistic, operational, publicity,
or demographic fa:tors. The Baseline Report contains a list of specific
factors within each of these categories. For example, health factors are
thought to include self-perception of health as well as demonstrable health
indicators, such as medication use and york days lost due to illness or
injury. Logistic factors are thought to '.nclude distance to the examination
site, reluctance to spend time away from family or job, income, and
occupation. Demographic factors might include flying status, age, race, or
military duty status (active, retired, separated). Operational factors
include any aspect of study operation that may cause differential compliance,
such as differential treatment of participants dur 4.ng scheduling, physical
examination, interviev, or debriefing. Publicity factors have to do with
national attitudes and media presentations regarding the Agent Orange issue,
the Vietnam war, veteran health care, or health care in general. Addition-
ally, these considerations may affect people differently and, in particular,
may influence Ranch Hands differently than Compari.-ns.

The decision to volunteer for this study is admittedly complex, making
statistical assessment of compliance bias difficult and necessarily crude in
that many of the factors contributing to self-selection cannot be measured

* directly. Instead, compliance bias was investigated at first follovup, as in
the Baseline Report. Specifically, it was investigated with respect to self-
perception of health, medication use, daily aspirin use, work days lost due
to illness or injuzy, and income in comparing partially compliant with fully
compliant participants. In other selection bias assessments, such as statis-
tical contrasts of Original and shifted Original Comparisons, these same
factors and 26 variables taken from the physical examination and psychometric
testing were analyzed.

THE TZL9PfOM_ SURVEY

In April 1985, all previously uncontacted living Comparisons were
identified for telephone contact to assess their current health. This health
status information was necessary for the matching of replacements to noncom-
pliant Comparisons. From a total of 9,982 available Comparisons, 7,963 were
included in the telephone survey. The 2,019 nonselected Comparisons included
488 deceased, as of 1 August 1985, and 1,531 who had been previously con-
tacted. rhe group of 1,531 previously contacted Comparisons comprised all
Comparisons who vere fully compliant, partially compliant, or noncompliant at
Baseline.

The survey questionnaire isnshovn in Appendix D. In brief, it queried
the respondent regarding self-perception of health (excellent, good, fair,
poor), current prescribed medication use (yes, no), work days lost due to
illness or injury, special health care needs (wheelchair, nurse, or other
special equipment), end income (less than $20,000, $20,000 to $40,000, or

* more than $40,000). If the respondent indicated that he was taking
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prescribed medication, he was asked to identify the illness for which the
medication was prescribed. If work days were lost due to illness or injury,
the respondent was asked to identify the causing illness or injury. If
special health care or equipment was needed, he was asked to specify the
illness or condition requiring the special care. He was further asked to
distinguish conditions requiring special care from those that wera previously
identified in response to the medication and days lost from work questions.
The telephone interview was accomplished via CATI.

Of the 7,963 cases fielded, 7,411 telephone surveys were actually
rcompleted The nature of the 552 noncompletions is summarized in Table 5-5.

TABLE 5-5.

Summary of Reasons for Noncompleted Telephone Interviews

Reaeson Number Percent of 7,963

Deceased 26 0.3
Active Refusal 93 1.2
Passive Refusal 242 3.0
Unlocatable 190 2.4
Ineligible 1 0.0

Total 552 6.9

Several questionnaires that could not be administered by telephone were
accomplished by mail; these numbered 540 out of the 7,411 completed. Sum-
maries of the responses to each of the five questions are shown in Table 5-6.

Of the 1,271 respondents who reported that they had lost work days due
to illness or injury, 550 (43%) lost 1 to 5 days, 197 (15%) lost between
6 and 10 days, and 524 (41%) lost more than 10 days. The maximum number of
days reported lost was 965. The 56 respondents who reported more than
180 days lost misinterpreted the question; it referred only to the past
6 months.

The telephone interviewer reported whether the respondent was friendly,
cooperative but not interested, impatient, or hostile. The association
between the interviewer's remark and the self-reported health of the
respondent was investigated. The results are displayed in Table 5-7. The
association between the interviewer's remark and reported health status is
statistically significant (p.0.02), with hostile repondents reporting poorer
health than friendly, cooperative, or impatient respondents.

Other analyses of these data, not shown here, demonstrated significant
associations between health perception and income (p.0.001), rank (p.0.001),
age (p-O.001), medication use (p.0.001), anC need for special health care
(p-O.001). Positive health perception increased with income and rank and
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TABLZ 5-6.

Summzy of Results to the Telephone Question-aire

Self-Assessment of Health Compared to Others Same Age

Response Number Percent

Excellent 2,882 38.89
Good 3,306 44.61
Fair 972 13.11
Poor 245 3.31
Do Not Knov 3 0.04
Missing 3 0.04

Total 7,411 100 10

Taking Medication for Current Illness

Response Number Percent

Yes 2,129 28.73
No 5,277 71.20
Refused 1 0.01
Missing 4 0.05

Total 7,411 100.00

Illness or Injury Absence From Job During Last 6 Months

Response Number Percent

Yes 1,271 17.15
No 6,135 82.78
Refused 3 0.04
Missing 2 0.03

Total 7,411 100.00
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TANLA 5-6. (continued)

Suimmry of Remults to the Telephone Ouestionnaire

Need Assistance in Daily Activities

Response Number Percent

Yes 114 1.54
No 7,291 98.38
Refused 4 0.05
Missing 2 0.03

Total 7,411 100.OC

Earnotd Income From Any Job During 1984

Response Number Percent

Yes 6,636 89.54
No 755 10.19
Refused 17 0.23
Missing 3 0.04

Total 7,411 100.00

Income Level

Response Number Percent

Less than $20,000 2,015 27.19
$20,000-$40,000 3,034 40.94
More than $40,000 1,411 19.04
Not Applicable 774 10.44
Refused 161 2.17
Do Not lKnov 9 0.12
NIssing 7 0.10

Total 7,411 100.00
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TABLE 5-7.

Contrast of Interviever's Remark from Telephone Interview
and Reported Health Status

Reported Health Status

Remark Excellent Good Fair Poor Total

Per- Per- Per- Per- Per-
Number cent Number cent Number cent Number cent Number cent

Friendly 2,209 39 2,476 44 730 13 191 3 5,606 76
Cooperative 622 38 755 46 229 14 44 3 1,650 22
Impatient 42 40 48 45 10 9 6 6 106 1
Hostile 9 21 27 63 3 7 4 9 43 0

Total 2,882 39 3,306 45 972 13 245 3 7,405

p-O.02

decreased with age, medication use, and special health care. Further, there
vas no significant association betveen health perception and the duration of

* the telephone int-rviev (p.O.17) or the time of day of the interviev
(p-0.98). There was no significant health-by-duration-by-time of day inter-
action (p-0.77).

These data vere also used to assess the self-reported health of
773 Original Comparisons (excluding shifted Original Comparisons) fully
compliant at Baseline relative to the reported health of the 7,411 previously
uncontacted Comparisons who completed the telephone survey. The self-
reported health status of the Original Comparisons from the Baseline ques.-
tionnaire was contrasted with that of the previously uncontacted Comparisons
on a three-category scale (excellent, good, fair/poor) with an adjustment for
date of birth (born during or before 1942, born after 1942). The results are
displayed in Table 5-8. Previously uncontacted Comparisons who completed the
survey are indicated by T (telephone); Original Comparisons are labeled 0.
Data are missing for 12 Original Comparisons and 16 telephone-surveyed
Comparisons.

There was no statistically significant difference between these groups
regarding health perception after adjustment for age (p.0.14), and this
equivalence did not change with age (p-0.80). Additionally, there was a
statistically significant age effect (p.0.001), as expected. These results
suggested that the Original Comparisons were representative of the entire
Comparison cohort with respect to health p rception.

0
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TAiLk 5-8.

Self-Reported Health of Previously Ulcontacted Comparlsonn,
in 1986r Versus Self-Repotted Fealth Status of

Original Comparisons at Baseline

Health Perception

Excellent Good Fair/Poor

Age Group* Number Percent Number Percent Number Percent Total

Born >1942 T 1,847 39 2,003 43 837 18 4,687
0 203 39 239 46 83 16 525

Born <1942 T 1,034 38 1,298 48 376 14 2,708
0 91 39 120 51. 25 11 236

-T - previously uncontacwed Comparisons
0 - Original Comparisons.

.REPLACEMENT COMPARISONS VERSUS TER N1ONWLIANTCOMPARIS0OS THEY REPLACED

Baseline Replacement

These analyses are refinements of the analyses in Chapter V of the
Baseline Report. Of 288 Comparisons replaced at Baseline, only 57 responded
to the short noncompliance telephone questionnaire shown in the appendix.
These 57 comprised 38 Original Comparisons and 19 replacements. As in the
followup telephone survey, the short noncompliance telephone questionnaire
queried raspondents on health status, york days lost due to illness, medica-
t'on use, and income level. In accordance with the Protocol, replacements
were statistically contrasted with the noncompliant Comparisons they replaced
based on their reported health status (excellent, good, fair, poor), medica-
tion -ise (yes, no), and income level (less than $20,000, $20,000 to $40,000,
more than $40,000). This contrast, with adjustment for group rembership
(Original, replacement) of the noncoapliant Comj-rison, is shovn in
Table 5-9.

There was no significant difference between the reported health patterns
in the upper and lover panels of Table 5-9. When these two tables were
merged, no statistically significant difference was found between the health
status of noncompliant Comparisons and their non-health-matched replacements
(puO.99). It is noteworthy that 53 percent of Original and replacement non-
compliant Comparisons were matched, by chance, perfectly to their replace-
ments in the basis of reported health status. Only 7 percent (4/57) were
mismatched by two categories and one replacement was mismatched by three
categories.

These same groups were contrasted on medication use; the results are
shown in Table 5-10.
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TABLE 5-9.

Nomncmpliant Original Comparisons and Replacement
C I.sporisoI VzI r Their Baseline Replacements:

Reported Health Siati at Itt.14-.

Health Status of Replacements
Health

Group Status Excellent Good Fair Poor Total

Noncompliant Excellent 13 4 2 0 19
Original Good 9 7 0 0 16
Comparison Fair 1 1 0 0 2

Poor 1 0 0 0 1

Total 24 12 2 0 38

Noncowipliant Excellent 7 5 0 0 12
Replacement Good 3 3 0 0 6

Fair I 0. 0 0 1
Poor 0 0 0 0 0

Total 11 8 0 0 19

TABLE 5-10.

Noncompliant Original Comparisons and Replacement
Comparisons Versus Their Baseline Replacements:

Medication Use at Baseline

Medication Use
of Replacements

Medication
Group Use Yes No Total

Noneompliant Oiginal Yes 0 4 4

Comparison No 3 31 34

Total 3 35 38

Noncompliant Replace~ent Yes 0 1 1
No 1 17 18

Total 1 18 19
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Due to sparseness these data were not antlyzed. It is interesting to note,
however, that there was 82 percent agreement in the upper panel. of Table 5-9
(31/38) and 89 percent in t6a lover ponel (17/19), vith 84 percent agreement
in the combined table (48/57), close to expected within group percentages of
83 and 90 percent, respectively, due purely to chance.

Vork loss was not analyzed due to slight differencts between the way the
york loss question was worded in the noncompliance telephone and telephone
survey questionnaires.

The contrast regarding Income level is shown in Tatle 5-1.

TABLM 5-11.

Noncompliant Original Comparisons and Replacement
Comparisona Versus Their Baseline Replacements:

Income at Baseline

Income Laval of Replacements
(in thousands)

Income
.Group Level <$20 $20-$40 >$40 Total

Noncompliant <$20 1 3 0 4
Original Comparison $20-$40 6 6 3 15

>$40 0 7 6 13

Total 7 16 9 32*

Noncompliant <$20 0 0 2 2
Riplacement $20-$40 1 7 0 8

>$40 1 3 5 9

Total 2 10 7 19

*Six noncomplitnt Original Cc arisons were unwilling to respond,

The patterns of income matching in the first and second panels of 5-11
were not significantly different (p>O.10). In the combined table, replace-
ments reported significantly lower income than the Compxtrisons they replaced
(p<0.05) although 49 percent (25/51) were perfectly catagorically matched.

These analyses suggested that the Baseline replacements were very
similar to the noncompliant Comparisons they replaced regarding reported
health status, medication use, and income. These analyses vere also
pertinent to the question of whether there was selection bias due to
noncompliance in the Comparison group. The predeminantly negative findings
suggested that there was little or no Comparison selection bias. These
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results suggested that the upper-bound bias calculations reported in
Chapter V of the Baseline Report are overestimates of reality. Howaver, lack
of clinical data for the noncompliant Comparisons precluded refining those
Baseline bias calculations at this time. 'Accordingly, the Baseline selection
lp ciXulatzin may be viewed as crude bounds to an unknown bias that must
await future data for proper recalculation.

First Followup Replacement

Replacements were matched to noncompliant Comparison,% at first followup
oa the basis of the matching variables--date of birth, race, and occupation--
and self-reported health status (excellent, good, fair, poor), as recorded in
the telephone survey. This was accomplished by recording the self-repnrted
health status of the noncompliant Comparison during the attempt to schedule
and matching that status against those of the other Comparisons in the same
matched set. A Comparison in a matched set was considered to replace a non-
compliant Comparison if he had the same health status as that recorded for
the noncompliant Comparison during the attempt to schedule him. If no
willing Comparison reporting the same health status could be found in the
matched set, health status was dichotomized to excellent or good versus fair
or poor. A willing Comparison with the same health status as the refusal on
the dichotomized scale was then accepted as a replacement. If no willing
Comparison could be found using the dichotomized scale, attempts to find a
replacement were terminated.

During this process, 14 Comparisons were health matched to noncompliant
Compariscns. The results are summarized in Table 5-12.

TABLE 5-12.

Health Status of Refusals and Their Matched Replacements

Refusal's Health
Replacement's
Health Excellent Good Fair Poor Total

Excellent 1 2 0 0 3
Good 5 6 0 0 11
Fair 0 0 0 0 0
Poor 0 0 0 0 0

Total 6 8 0 0 14

All refusals reported good or excellent health. Th:s implied that bias due
to nonti.mpliance in the Comparison group could possibly bias the study away
from finding an herbicide effect. The inclusion of health-matched
replacements tended to correct for this by replacing healthy noncompliant
Comparisons with healthy replacement Comparisons. The relatively smallnumber of new health-matched replacements minimized the actual effect of this
bias "correction," however.
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SCfEDULIM AT MlTST FOLLOWVU

The schedulers were requirid to find and schedule a willing health-
matched replacement within 5 working days of a confirmed refusal io correct
scheduling differences experienced at Baseline. This constraint proved
impractical to implement since Comparisons would vacillate, forcing a series
of rspeated telephone calls. Rather than terminate the prccess at 5 days, as
required by the contract, the schedulers continued their recruiting attempts,
sometimes for several months. Hence, new health-.matched replacements were
brought into the study much later than other participants.

The percent completing the physical examination by calendar date is
plotted in Figure 5-1 for all Ranch Hands, Original Comparisons, and all
Comparisons.

The corresponding plot ior Ranch Hands, Original Comparisons, old
replacements, and the 28 cestricted new replacement Comparisons is shown in
Figure 5-2.

Additioially, scheoulers experienced reticence and vacillation with
othe- '-parisons being scheduled for the first time. In particular, as a
gro'-., cne 71 unrestricted new replacement Comparisons were also scheduled
later than other participants. Figure 5-3 shows the percent of Ranch Hands,
Original Comparisons, "old' Comparisons, and the 71 unrestricted newly
examined replacement Corparisons completing the physical examination by
calendar date.

During the scheduling for the 1987 followip examination, schedulers will
attempt to schedule healch-matched replacements within 15 working days of a
refu7?1.

NEU REPLACEUZNTS MESSUS OLD REPLACEHENTS

Another statistical issue of concern is the homogeneity of the replace-
mert Comparison:i. The validity of the study might be compromised if, for
examplo. newly admitted replacements had self-selected themselves into the
study differen~ly than previously admitted replacements. This kind of
difference may occur due tc changes in public opinion regarding the Agent
Orange issue, the national political climate, changes in national opinion
regarding health care, changes in the location of the examination site, or a
combination of these and other factors. This issue was addressed by
comparing new vith old replacements on a variety of endpoints with adjustment
for the matching variables. Blacks were deleted from the analyses.

Two sepsrate series of analyses were performed, one for each oi the two
kinds of new replacements (unrestricted and restricted) defined earlier.
First, unrestricted new rEplacements were identified as the 71 replacements
who were examined for the first time at first followup, regardless of their
compliance at Baseline. Second, analyses were restricted to the 28 replace-
ments who were examincd for the first time and who had never been contacted
'ýfore the first followup; these were called restricted new Comparisons. In
each of the two series of new replacement analyses, all replacements not
satisfying the definition of "new" are included by referriig to them as "old"
replacements. All "old" replacements were at least contacted at Baseline and
were.iully -ompliant at first followup.
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It, each of the tvo series of analyses, nay and old replacement
Comparisons were contrasted on health perception (excellent, good, fair, or
poor), medication use (yes, no), york loss (yes, no), and daily use of
aspirin (yes, no). Blacks were deleted from all analyses. Nev and old
replacements were then contrasted on 20 cl... tcal determinations from the
first follovup examination. Table 5-13 shove two cross-classifications of
313 nonblack replacements, from a total of 338 replacements fully compliant
at first followup, by group (old, new) and reported health status.

In the unrestricted sense, the reported health st tus of new and old
replacements differed significantly (p=O.0 4 ), vith new replacements reporting
more fair or poor health than old replacements. In the restricted sense, the
difference between new and old replacements vas statistically significant
(p-O.001), vith new replacements tending to declare themselves of fair or
poor health core often than old replacements.
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The same groups vere contrasted on medication use; the results are shown
* in Table 5-14. The difference between old and nev Comparisons under the

unrestrict3d definition was not statistically significant (p-0.16) as regards
medication use. The difference between old and new Comparisons under the
restricted definition was, however, statistically significant (p.0.003).
This difference was due to the higher reported medication use of the 26 non-
black new replacements not previously contacted.

New and old replacements were contrasted on work loss due to illness;
the results are shown in Table 5-15.

TABLE 5-13.

Reported Health Status of Nonblack Nev and Old
Replacements, According to Tvo Definitions of "New"

Unrestricted Rertricted

Old New Old New

Health Number Percent Number Percent Number Percent Number Percent

Excellent 142. 56 30 49 161 56 11 42
Good 91 36 20 33 103 36 8 31
Fair/Poor 19 8 11 18 23 8 7 27

Total 252 61 287 26

p-O.04 p=O.001

TABLE 5-14.

Reported Medication Use of Nonblack Nev and Old
Replacements, According to Two Definitions of "Nevu

Unrestricted Restricted

Old New Old Nev

Medication Number Percent Number Percent Number Percent Number Percent

Yes 30 12 12 20 33 11 9 35

No 222 88 49 80 254 89 17 65

ro tal 252 61 287 26

p-O.16 p-0.003
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TAMLI 5-15.

Reported Vork Loss (of Ronblack New and Old
Replacements, According to Two Definitions of "Nev"

Unrestricted Restricted

Old Nev Old Nev

Work Loss Number Percent Number Percent Number Percent Number Percent

as 47 19 12 20 54 19 5 19

No 205 81 49 80 233 81 21 81

Total 252 61 287 26

p-0.99 p-0.9 9

The difference between new and old replacements regarding work loss
under the unrestricted or restricted definition was not statistically
significant (p-0.99 and p-0.99, respectively).

Results of a similar contrast on daily aspirin usage are shown in
Table 5-16. The difference between new and old replacements regarding daily
use of aspirin under the unrestricted or the restricted definition was not
statistically significant (p.0.99 and p-0.75, respectively).

It is noteworthy that the differences for general health and medication
use did not occur for work loss and daily aspirin usage, suggesting that some
participants may have over-reported when asked less specific questions about
their health.

New and old replacement Comparisons were also compared on 20 clinical
and psychometric variables measured during the physical examination and
psychological testing. These 20 variables are a subset from 26 selected from
among an entire collection o' nearly 200 endpoints in this study by requiring
near statistical independence within and between organ systems. Variables
selection was accomplished by screening the correlation matrices of variables
as an entire set and separately within each organ system, including examining
partial correlations between single variab'es and linear combinations of
othar variables within organ systems. Identified first were 10 variables
with pairvise correlations less than 0.10 in absolute value. This was fol-
lowed by identification of 16 additional variables with pairvise correlations
between 0.10 and 0.20 in absolute value, making a total of 26 variables.
These variabl& selection screens were accomplished on Baseline data for 1,154
nonblack fully compliant Comparisons subsequent to publication of the
Baseline Report. The complete set of 26 dependent variables selected as
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TABI 5-1.6.

Reported Daily Aspirin Usage of Nonblack New and Old
Replacements, According to Two Definitions of "Nevw

Unrestricted Restricted

Old New Old New

Aspirin Usage Number Percent Number Percent Ntmber Percent Number Percent

Yes 182 73 44 7.: 206 72 20 77

No 69 27 17 28 80 28 6 23

Total 251 61 286 26

p-0.99 0=0.75

nearly statistically independent is shown in Table 5-17. The Baseline
correlation matrix of these 26 variables as determined on the entire
Comparison data set in shown In Table L-1 Appendix D. It is recognized
that relative statistical independence ol 0hes,2 variables does not imply
biological independence of these variabler.

- These 26 variables were intended to serve as tie basis for statistical
contrasts of Original Comparisons, shifted Original Comparisons, and
replacement Comparisons in the decision regarding the inclusion of shifted
Original Comparisons and replacement Comparisons in the primary analyses.
Generically, the analyses first compared two groups on each of the
26 variables with adjustment for rank (officer, enlisted), age at Baseline
(40 or under, over 60), occupation (officer flyer, officer ionflying,
enlisted flyer, enlisted grouadcrev), and race (Black, nonblack). Blacks
were deleted from the analysis. The total number of significant differences
on the first set of 10 dependent variables was used as the basis for a
decisiVn regarding group difference. These 10 analyses vwre assumed to be
10 iadependent repetitions of a Bernoulli trial with probability of 0.05 of
success imder the null hypothesit that there were no group differences for
any of the 10 variables. The probability of observing three or more
successes in 10 independent repetitions of a Bernoulli trial, with
probability of 0.05 of success, is 0.012. The entire set of 26 analyses was
then assessed to test the hypothesis of group equality. The probability of
4 or more successes in 26 Independent repetitions of a Bernoulli trial, with
probability of 0.05 of success, is 0.039. Thase 2 critical values, both
probabilities below 0.05, were used to assess the analyses on the 10 and on
the 26 sele'cted variables.
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TABLE 5-17. Tventy-Six Dependent Variables Selected as Nearly

Statistically Independent With the Use of Baseline Data

Variables Having Pairvise Absolute Correlations Less Than 0.10

Total Bilirubin (TBILI)

Diastolic Blood Pressure (DBP)

White Blood Cell Count (WBC)

Skin Index (SKIN)

MMPI Depression Scale (MMPID)

Blood Urea Nitrogen (BUN)

Urine Specific Gravity (USG)

Pulse Index (PULSE)

Nerve Conduction Velocity Above the Elbow (NCVE)

Semen Count (SEMEN)

Variables Having Pairvise Absolute Correlations Greater Than 0.10
anA Less Than 0.20

Red Blood Cell CorAt (RBC)

FEV1/FVC (PULM)

Glucose (GLUC)

Electrocardiogram (ECG)

Platelet Count (PLAT)

Full IQ (10)

Central Nervous System Index (CNS)

Nerve Conduction Velocity Above the Ankle (NCVA)

Cholesterol (CHOL)

Alkaline Phosphatase (ALKPHOS)

Coproporphyrins (COPRO)

Delta-Aminolevulinic Acid (ALA)

Thyroid T 4 (T4)

Testosterone (TEST)

Sedimentation Rate (SED)

Gamma-Glutamyl Transpeptidase (GGTP)
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The statistical issue of how to account for the many interactions in the
* 26 separate analyses was not resolved during or since the first application

of this method. Only the group main effect was regarded as the basis for
determining whether a particular analysis vas a succes..

At first followup, onl, 20 of the 26 variables were measured. The six
variables not. measured were the tvo-nerve conduction velocities (NCVE, NCVA),
semen count (SEMEN), FEV1/FVC (PULH), full IQ (IQ), and delta-aminolevulinic
acid (ALA). New and old replacements were contrasted on each of the
remaining 20 variables via the general linear model and log-linear model.
The variables--skin index (SKIN), pulse index (PULSE), electrocardiogram
(ECG), and central nervous system index (CNS)--were analyzed as dichotomous
variables, with each being scored abnormal if any of its components were
abnormal. All others were analyzed as continuous variables. The correlation
matrix of the 20 variables, based on 1,210 nonblack Comparisons fully
compliant at first followup, on first followup data is shown in Table D-2 of
Appendix D.

The results of these analyses contrasting new versus old replacements
with "new" following the unrestrictive definition and Blacks removed from the
analyses are shown in Table 5-18. There were 61 nonblack new :aplacements
and 251 nonblack old replacements. In some analyses, the dependent variable
was transformed to better approximate normality. Unadjusted means are
presented when there is a significant interaction involving group.

The probability of observing 2 or more successes in 8 independent
repetitions of a Bernoulli trial, with probability of 0.05 of success, is
0.057. In view of the results for the first 8 dependent variables in

* Table 5-18, new and old replacements appeared to be statistically indis-
tinguishable. The probability of observing 3 or more successes in 20 indepen-
dent repetitions of a Be-noulli trial, with probability 0.05 of success, is
0.075; the probability of 4 or more is 0.016. Recognizing the slight corre-
lations between the dependent variables in the lower panel of Table 5-18, and
the results of the analyses, new and old replacements again appeared to be
statistically indistinguishable.

The same analyses were conducted to contrast new and old replacement
Comparisons, with "new" defined in the restrictive sense. The results are
shown in Table 5-19, with the same notations as Table 5-18.

The same binominal critical values, 2 for the first panel and 4 for the
entire set of 20 analyses, and the results shown in Table 5-18 indicated that
there was no statistical difference between the 26 nonblack new replacements
and the 287 nonblack old replacements.

The negative findings shovn in Tables 5-18 and 5-19 suggested very
strongly that there has been no change in the way replacements self-select
for entry into this study.

ORIGINAL COMPARISONS VERSUS SHIFTED ORIGINAL COMPARISONS

The removal of ineligible Comparisons early in the Baseline scheduling
operation resulted in the exclusion of approximately 18 percent of all
Comparisons from tne study. Since some of these ineligibles had been
randomized as Original Comparisons, some previously randomized Comparisons
were allocated to the positions vacated by the removed-original Comparisons
and, thus, were referred to as shifted Original Comparisons.
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TABLE 5-18.

Summary Results of Unrestricted Now Ver:sus Old
Nonblack Replacements Contrasted on 20 Variables

Replacement Group Means*
(Percent Abnormal)

Variable Significant
(Transformation) Old Ney p-Value Interactions

Variables With Absolute Pairvise Correlations Less Than 0.10

TBILI (LOG) 0.76 0.76 NS
DBP (SORT) 79.17 79.51 NS
WBC (LOG) 7.06 7.13 NS
SKIN (54.0) (49.2) NS
MMPID (LOG) 56.21 57.19 NS
BUN (SORT) 14.15 13.79 NS
USG 1.014 1.014 NS
PULSE (16.7) (11.5) GRP*OCC, GRP*AGE

Variables Vith Absolute Pairvise Correlation Betveen: 0.10 and 0.20

RBC 5.00 5.00 GRP*OCC*AGE
GLUC (LOG) 109.31 101.33 NS
ECG (15.5) (13.1) NS
PLAT (SQRT) 269.5 275.0 MS
CNS (2.8) (5.0) NS
CHOL (SORT) 212.7 208.8 NS
ALKPHOS (LOG) 87.9 87.10 GRP*OCC
COPRO (SORT) 116.9 122.6 0.03
T4 7.51 7.94 NS
TEST (SORT) 601.4 605.3 NS
SED (LOG) 4.17 4.93 GRP*OCC*AGE
GGTP (LOG) 31.06 29.77 G11P*AGE

*All means are expressed in original units.

NS: Not significant (p>O.05)
LOG: Analysis performed on logarithmic scale.
SORT: Analysis perfrmed on square root scale.

GRP: Group
0CC: Occupation
AGE: Birth year (Age)

5
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TABLE 5-19.

Sumary Rasults of Restricted Hey Versus Old
Nonblack Replacements Contrasted on 20 Variables

Replacement Group Means*
(Percent Abnormal)

Variable " Significant
(Transfornation) Old Nev p-Value Interactions

Variables With Absolute Pairvise Correlations Less Than 0.10

TBILI (LOG) 0.76 0.75 NS
DBP (SORT) 79.44 76.98 NS
WBC (LOG) 7.01 7.91 NS
SKIN (52.3) (61.5) NS
MMPID (LOG) 56.11 59.73 NS
BUN (SORT) 14.02 14.75 NS
USG 1.014 1.013 NS
PULSE (15.3) (19.2) NS

Dependent Variables With Absolute Pairvise Correlation Betveen 0.10 and 0.20

RBC 5.01 4.90 NS
* GLUC (LOG) 108.8 95.86 G.007

ECG (14.3) (13.1) GRP*AGE
PLAT (SORT) 270.5 271.56 NS
CNS (2.8) (7.7) NS
CHOL (SORT) 212.5 205.6 NS
ALKPHOS (LOG) 87.75 87.72 NS
COPRO (SORT) 117.8 120.5 NS
T4 7.56 8.00 NS
TEST (SORT) 601.2 612.6 NS
SED (LOG) 4.15 •.37 0.03
GGTP (LOG) 31.23 2..41 NS

*All means are expressed in original units.

NS: Not significant (p>0.05).
LOG: Analysis performed on logarithmic scale.
SORT: Analysis performed on square root scale.

0
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Fully compliant Original and shifted Original Comparisons were compared
in the Baseline Report vith respect to repneted health status, medication
use, and work loss. Group differences for health status were significant
(p. 0 . 0 0 1 ) but were not so for medication use or for work loss; the shifted 4
Original Comparisons tended to report themselves in poorer health than the
Original Comparisons but were statistically equivalent to the Originals
regarding medication use and work 1083.

Fully compliant Original and shifted Original Comparisons were
contrasted at first follovup on reported health status, work loss, medication
use, and daily use of aspirin. As in the Baseline Report, these analyses
were done for only nonblack Comparisons.

The results of the contrast of Original and shifted Original Comparisons
on reported health status are shown in Table 5-20. Here, health status is
evaluated on a three-category scale (excellent, good, fair/poor).

The group difference between Original and shifted Original nonblack
Comparisons regarding reported health status was not significant (p=0.30).

The results of the contrast of Original versus shifted Original
Comparisons on medication use are shown in Table 5-21. The group difference
between Original and shifted rriginal nonblack Comparisons regarding
medication use was not significant (p-0.68).

The results of the contrast on york loss are shovn in Tablo 5-22. The
group difference between nonblack Original and shifted Original Comparisons
regarding work loss was not significant (p.0.82).

The results of the contrast on daily aspirin usage are shown in Table5-23. The group difference between Original and shifted Original nonblack
Comparisons regarding daily aspirin usage -as not signifitant (p.0.98).

Fully compliant Original and shifted Original nonblack Comparisons were
also contraszed on each of the full set of 26 nearly uncorrelated variables
shown in Table 5-17 on Baseline data. The results are shown in Table 5-24.

Sedimentation rate (SED) was analyzed as a categorical variable with
values low (0-1), medium (2-3), and high (3-4). The percents of Original
Comparisons within these categories were 35.8, 33.1, and 31.1 percent,
respectively; the shifted Original Comparison percents were 30.8, 36.3, and
32.9, respectively. The probability of observing 3 or more successes in
10 independent repetitions of a Bernoulli trial, with a probability of 0.05
of success, is 0.0115. The probability of observing 2 or more is 0.0861.
Based on these critical values and the results shown in the upper panel of
Table 5-24, there appeared to be no statistical difference between Original
Comparisons and shifted Original Comparisons.

The probability of observing 4 or mo.'e successes in 26 independent
repetitions of a Bernoulli trial is 0.039. The probability of observing at
most 2 successes in 26 independent repetitions of a Bernoulli trial, with
probability 0.05 of success, is 0.86. Based on these critical values and the
known slight correlation of the 16 dependent variables in the second panel of
Table 5-19, these results suggested that Original and shifted Original
Comparisons are not statistically distinguishable.
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TABLZ 5-20.

0 Reported Health Status of Fully Compliant Original and
Shifted Original Nonblack Comparisons:

First Follovup

Original Comparison Group

Shifted
Original OriginalReported

Health Number Percent Number Percent Total p-Value

Excellent 387 52 76 51 463 0.30
Good 307 41 68 45 375
Fair/Poor 53 7 6 4 59

Total 747 150 897

TABLM 5-21.

Medication Use of Fully Compliant Original
and Shifted Originl Nonblack Comparisons:

First Followup

Original Comparison Group

Shifted
Original Original

Medication
Use Number Percent Number Percent Total p-Value

Yes 107. 14 23 15 125 0.68
No 645, 86 127 85 772

Total 747 150 897

0
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TABLE 5-22.

Work Loss of Fully Compliant Original
and Shifted Original Noublack Comparisons:

First Followup

Original Comparison Group

Shifted
Original Original

Vork Loss Number Percent Number Percent Total p-Value

No 631 83 116 82 747 0.82
Yes 125 17 25 18 150

Total 756 141 897

TABLE 5-23.

Daily Aspirin Use of Fully Compliant Original
and Shifted Original Nonblack Comparisons:

First Followup,

Original Comparison Group

Shifted
Original Original

Daily Aspirin
Use Number Percent Number Percent Total p-Value

Yes 529 71 107 71 636 0.98
No 218 29 43 29 261

Total 747 150 897.

5
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TABLE 5-24.

Sumiry Results of Original Versus Shifted
Original Nonblack Comparisons on 26 Variables at Baseline

Original Comparison Group
Means* (Percent Abnormal)

Variable Shifted Significant
(Transformation) Original Original p-Value Interactions

Variables With Absolute Pairvise Correlations Less Than 0.10

TBILI 0.61 0.61 GRP*OCC*AGE
DBP 80.46 78.95 NS
WBC 7.52 7.18 NS
SKIN (37.5) (43.8) NS
NMPID 56.25 58.40 NS
BUN 14.26 13.76 NS
USG 1.0209 1.0205 NS
PULSE (10.7) (8.9) NS
NCVE 56.26 55.88 NS
SEMEN ) 77.4 72.8 NS

Variables With Absolute Pairvise Correlation Between 0.10 and 0.20

RBC 5.20 5.18 NS
PULM 0.80 0.81 NS
GLUC (LOG) 97.4 94.5 NS
ECG (27.6) (26.7) NS
PLAT 270.6 269.9 NS
IQ 108.6 108.4 NS
CNS (23.7) (31.5) 0.02
NCVA 48.17 47.59 0.01
CHOL 220.7 213.1 NS
ALKPHOS 7.84 7.60 NS
COPRO (LOG) 31.1 30.4 NS
ALA 2,497.0 2,505.3 NS
T4 8.42 8.35 NS
TEST 634.6 634.3 NS
SED given I- text NS
GGTP (LOG) 38.43 35.53 NS

*All means are expressed in origin.l units.
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Taken together, the results displayed in Table 5-24 very strongly
suggested that Original and shifted Original Comparisons did not differ
statistically at Baseline.

These analyses were repeated on the 10 availablq variables at the first
follovup. The results are shown in Table 5-25.

The results in the first bnd second panels of Ta.'le 5-25 and the
binomial critical values given above suggested that no statistical difference
was present between the Original and shifted Original Comparisons.

A single multivariate linear regression analysis was dune on the
20 dependent variables shown in*Table 5-25; no significant inttractions
involving group (Original, shifted Original) were noted and tha group effect
was not significant (p-0. 2 8 ). Taken together, these analyses strongly
suggested that there was also no statistical differente between Original and
shifted Original Comparisons at first followup.

PARTIALLY COMPLIANT VERSUS FULLY COMPLIANT PARTICIPANTS

Ideally, compliance bias should be assessed by comparing the health of
noncompliant and fully compliant participants with adjustment for group
(Ranch Hand, Comparison) and the matching variables. The only information
available on the noncompliant participants, however, is their responses to
the health atatus questions, if they were willing to answer them, during the
telephone conversation in which they refused to participate in the study.
Noncompliant Comparisons were contrasted with their Baseline replacements
(see noncompliance telephone questionnaire data, Tables 5-9 to 5-12). In
addition, as in the Baseline Report, selection bias was studied by
contrasting partially compliant with fully compliant participants with
adjustment for group (Raich Hand, Comparison). Taking the Basel!Mte
questionnaire at follovu;, but refusing to take the physical examination or
follovup questionnaire were 9 Ranch Hands and 30 Comparisons who were either
nonlocatable or noncompliant at Baseline. These 39 men were the only
partially compliant participants at first follovup. Their Baseline
compliance is summarized in Table 5-26.

One of these individuals, a Ranch Hand with no interview, no physical,
and no telephone interview, was Black. The label "no action" indicates that
these individuals were not contacted because the Baseline contract expired.
Individuals labeled "new Comparisons" were added to the study after the
Baseline examination but before start of the first follovup.

Data from these 39 partially compliant participants were statistically
compared with similar data froa fully compliant participants with adjustment
for group (Ranch Hand, Comparison). This is shown in Table 5-27. Endpoints
evaluated were reported health, medication use, and work loss. These
analyses are similar to those reported in Table V-15 of the Baseline Report.
Reported haalth status was collapsed to tvo categories (excellent,
good/fair/poor) due to sparse data. One Black participant, a Ranch Hand, was
deleted from these analyses.

The health versus compliance association in these data was of borderline
statistical significance (p.0.08), with pattially comdliant participants
tending to report themselves ia batter health than fully compliant
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TABLE 5-25.

0 Summry Results of original Versus Shifted Original
Nonblack Comparisons on 20 Variables:

First Followup

Original Comparison Croup
Means* (Percent Abnormal)

Variable Shif ted Signiticant
(Transformation) Original original p-Value interactions

Variables With Absolute Pairwise Correlations Less Than 0.10

TBILT (LOG) 0.75 0.73 GRP*OCC*AGE
DBP (SMRT) 80.0 79.60 NS
WBC (LOG) 6.88 6.92 GRP*AGE
SKIN (49.7) (42.1) NS
XMPID (LOG) 56.2 55.1 NS
BUN (SORT) 14.8 14.04 NS
USG 1.015 1.015 NS
PULSE (16.7) (16.4) NS

Variables With Absolute Pairvise Correlation Betveen 0.10 and 0.20

* RBC 4.97 4.95 NS
GLUC (LOZ) 111.8 111.6 NS
ZCG (15.3) (11.9) NS
PLAT (SORT) 263.2 271.9 NS
CNS (2.6) (2.3) NS
COOL (SORT) 219.5 214.1 NS
ALKPROS (LOG) 89.76 85.53 Ns
COPRO (SORT) 115.4 114.9 NS
T4 7.58 7.58 NS
TEST (SORT) 576.6 559.0 GRP*OCC, GRP*AGE
SED (LOG) 5.11 4.91 NS
GGTP (LOG) 32.39 29.77 NS

*All means are expressed in original units.
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TAM 5-26.

Baseline Compliance Status of 39 Partially
Compliant Participantst First Followup

Group

Baseline Compliance Ranch Hand Comparison

No Interviev, No Physical, 3 23
No Telephone Interviev

No Interviev, No Physical, 2 1
Telephonn Interviev

New Comparison 0 3

tNo Action 4 3

Total 9 30

TAN• 5-27.

Reported Health of PartimalU7:- C(mpliamt
Versus Fully Compliant ashlachk Participants

Group

Ranch Hands Comparisons

Compliance Status Reported Health NumbeL Perceant Number Percent Total

Full hExellent 473 +-,3 635 5"7 1,7_08Fuodllar/Poor 482 46 57! 5 1,057

Total 955 1,210 2,165

Fartial Erbcellent 5 20 20 80 25
Good/fair/Poor 3 23 10 77 13

Total 8 30 38

I5
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participants; 66 percent of partially compliant participants reported
* excellent health while only 51 percent of fully compliant participants

reported excellent health. This association did not change vith group
(pMC.91).

The data on medication use and compliance status demonstrated no
association (p.0.57), and this equivalence did not change vith group
(p.0.7 9). These data are show in Table 3-28.

is shorn •n Table 5-29, the work loss-by-compliance association in these
data vas sfgtiificant (p.0.03), vith 84 percent of fu)ly compliant partici-
pants reporting york loss and 95 percent of partially compliant participants"reporting york loss.

These data are sparse and are not consi.dered wupportive or nonpupportive
of the compliance bias calculations presented in the Baselina Report. The
conclusions of the Baseline Report regarding the pottntial effects of
compliance bias should be regarded as conservative overestimates, but vorthy
of consideration in inference formulations until more data become available.

comzmicsM

These predominantly negative findings suggest that there has been no
change in the vay. replacements self-select for entry into this study and, due
to the obvious scheduling differences betveen new and old replacements, that
no additional bias has ben introduced at ft~lloup, by scheduling differences.
These data also strongly suggest that shifted Original Comparisons are not

*statistically distinguishable from Originel Cosparisos, either at Baseline
or at first follovup. This interpretation is also equivalent to the con-
cluslon that no additional bias was introduced by scheduling differences
between Original Comparisons and shifted Original Comparisons at Beseline.
Available data on noncompliant Conparisons and their replacements suggest
that, although replacements vere not health-matched to refusals at Saseline,
they are remarkably similar to refusals vith respect to reported health,
medication use, and income level. This result also supports a conclusion
that there has been little, if any, selection bias due to nomparticipotion in
the Comprison group. Thl's conclusion supports the use of the total
Comparison group for all of the main analyses in the body of this report.
Data regarding the fey partially compliant participants at first follovup are
not sufficient to confirm or deny compliance bias calculations published in
the Baseline Report.
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TARIS 5-28.

Medicatian Use of Partially Compliant Vernus
Fully Compliant Nomblack Participants

Group

Ranch Rand Coeparisoia

Compliance Status Medication Use Number Percent Number Percont Total

Full Yes 123 42 167 5e 290
No 832 4 1,043 56 1,875

Total 955 .,0210 2,165

Partial Tys 1 25 3 75 4
No 7 21 27 79 34

Total 8 30 38

TAML 5-29.

Vork Lo= of Partially Compliant Versis
Fully Compliant lomblack Participeats

Group

Ranch Hand Comparison

Compliance Status Vork Loss Number Percent Number Percent Total

Full Yes 796 U 1,010 56 1,806

No 155 44 200 56 355

Total 951 1,210 2,161

Partial Yes 8 22 28 78 36
No 0 0 2 100 2

Total 8 30 38
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During the first AFRS follovup, stringent adherence to quality assurance
(QA) was planned for and upheld throughout the study, from project initiation
to f:.,kl product delivery and acceptance by the Air Force. A quality program
plan was developed for this study cycle, outlining all contract activities
requiring periodic and/or systematic OA and quality control (OC, 'onitortnrg.

The purpose of this chapter is to provide an overviev of the specific QA
measures developed and used by the project team, specifically in the areas of
administrative QC; questionnaire, physical, and psychological examination QC;
laboratory OC measures; data base management OA; and statistical QC.

AMMSA •QUAITYT M

In recognition of the magnitude, complexity, and importance of the AIES,
a Quality Review Committee (QRC) vas established at the initiation of the
third-year follovup for the purpose of providing general oversight to the
APES GA Program and advice on the appropriateness of program management and

* OC actions. The QRC vas composed of senior corporate personnel from the
prime contractor. These independent reviewers remained separate from the
project management staff. The GRC met formally each 4uarter to review recent
study progress and any issues that either bad an impact on study quality or
were perceived as a potential problem.

Assisting the QRC in day-to-day oversight responsibilities ves a GA
officer responsible for reviewing procedures, performance, and work products
from all task wmaagers and key project staff. As part of the monitoring
function, the Ok officer received exception reports from projact task
managers whenever an incident occurred that appeared to affect study quality.
Monthly reports were also prepared for the Air Force, documenting project
compliance with project OA criteria and notin& any instances of non-
compliance.

An additional measure of corporate OC -..s implemented through indepen-
dent OA audits of individual project tasks. Members of the QRC determined
first-hand whether OA procedures for a particular task were being conducted,
whether procedures were app'ot1r~lav' ior the task, and whether OA uas complete
for all aspects of each task.

The remainder of this chapter comprises specific GA procedures followed
for the individual tasks.

OMMOTN&M O XffuA CNthOL

NORC used both. onsite and home-office QA procedures to produce i
comprehensive data set. All AIDS questionnaires were pretested to evaluate
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their completion time and participant acceptability bef..re they vete used at
the SCRP. Onaite OC procedures included weekly obmervation and rating of
each inter-'iewer, editing of every questionnaire at the completion of the
interview, and monitoring of participant evaluation*. The Air Force also
continuously condacted OA observations of all onsite activities. QC of data
processing included manually editing each quawstionnaire, including a
100-percent verification of critical Items for each questionnaire, compu-
terized cleaning (vith both single item and interite.s review for range and
consistency), identifying outliers, and reviewing the actuial questionnaire
copy to reconcile or correct detected errors.

All telephone 3urveys vete monitored for quaality and accuracy of
interviewer performeace by NOIC superiisors. The telephone survey supervisor
monitored 3 percent of each interviewer's calit to a&sure an appropriate
presentation and an accurate transcription of responses. An additional
5 percent of the participants were recontacted after the Interview to eval-
uate interviewer performance and validate that the correct respondent had
been contacted.

NOIC recruited "nd t.rained Interviewers according to the detailed
procedures described in Chapter 3. A minim. number oý intervievers was
&elected to reduce Interviewer vartabil~ty. Additionally, these Individuals
were blin4ed to the participants' exposure status to avoid sany bias.
Interviewers vere required to ask questions exactly as racorded, mad In the
order In which thay appeared. No Fereonal interpretation was 'Ilowed.

An onsite field manager closely supervised each Interviewer's work
regularly, observing individual interviews 'e~ekly during the examination
schedule. The field mannger reported directly to the NORC Project Director
weektly, and wax reviewed by the Projct Director during quarterly site
visits, to ensure direct accountability by the bomw office and the field
manager for promptly resolving any issues.

Specifi~zally, interviewers were checked for accuracy in questionnair4
skip patterns, probing, circling of the cerrect code, control of the inter-
view, voice quality, reading, and use of axxoetiated documents. ilima called
for, the onsite manager 4vve immdiate retraining after each observation aLd
documented the content of this training. At weekly meetings, held with all
Interviewers, the field manager used gateralizations from Individual inter-
viewer performance observations to train aa entire group of interviewers.

The NOIC field managur also monitored participant evaluations of the
study closely and used the information gatbered to plan and implemient
retraining. The manager and staff edited each completed questionnaire before
it was shipped to Chicago, attempting to retrieve missing data while the
study participaint was at, the physical examination site.. Missing or ambigrucus
data vere olso retrieved by telephone when necessary.

Spouse fertility data vere obtained independently of the participant
Interview by sending the mail questionnaire while the study partizipant was
at the examination site, and by having a group meeting for wives who acc~om-
panied their spouses to the clinic site, where they could complete their
question~naires in private. The Assistant Survey Director in Chicago super-
"Osod and edited all interviews conducted at home with participants and
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once the participant and spouse questionnaires were received In Chicago,
* they were edited for completeness by a coding supervisor and staff dedicated

to the APHS for the entire project. Resolution of Inconsistencies was
accompV,*shed by staff me*bWrv, who standardized all raspo~uev prior to
keyionching. Quiatiornnaires wars) than coded, and a 10-percent me)de ws"
done on ropen-anded Item.s. When a batch failed the 10-percent rezode, the
entire batch was receded end the coding staff was retrained. Ore hundred
percent quality control was accoeplished. by the Air Force..

During data entry, rarqge validity cheeks were performed &Wd 10 percent
of the most Important it ems In each questionnaire was verified. Data were
then passed through a computer program *,hat checked for Inter- &ad intra-
column errors. WVa.M errorp were detected. the questionnaires were reviewed
and the errors correcte4. The process continued until no errors waire
detected by the cleaning program. Then, frequencies veto revisved and any
anomalies or er~rors previously undetected were corrected by reviewing the
questionnaires on a case-by-case basis. All corrections were entered Into
the data tape, but no -mWges ware made to the data recorded In the question-
naires. OA reports were generated umnthly, detailing the s~i~ry atatictics
on the nuuibqr of questionnairia, reviewed, the nmuber and types of tran-
scriptions failing QC checks, and the average nwabeL of coding err~ors per
batch processed.

FWMCAL ZhMNhUMN W*U?? COEVAL

OC wasn emphasized in the physical examination, as this data source
provided most of the medical information for clinical and epidemiological

Initial conatru for a high-quality physic-#I examination wan addressed by
a stringent SC!? selection process for all persommel wio *,re tG direc ly
interact with the participants. Bach staff member vas hnnd-selectea fcr the
A!HS on the basimq of expertise, experience, atA a commitment to remain with
thie atudy throughout the examination cicle. Further, the Air Force Technical
Team rvviewwi the credeutials of all key staff membests and approved thooii
participation In the study-

A complete pretest physical examination, Interview, psychological'test,
and laboratotrj workwp was done for 10 volunteers several weeks before thm
scheduled start of the study. Refresher training vlas girds to the darma-
tologists to enhanco their 64fl1 in diagnosing chioracne, tehniques for
dietecting specific heart sounds were reviewed 'iith the internists, and
Siagnosticians ware reminded of the need to reviev Baseline examination data
as thoy formulaited all diagnoses. Further, all aspects of p..tiert cont-act
were reviewed: the Initial inbriefing of the Waticipants, the logistics of
trtnsportation and patient flow within the clinic, atad the fi.Aal outbriefing
by th~e diagnosticiani.

During the examinations, refinements continued whenever operational
problems were detected by, the SCR? staff and the Air Force onsite monitor, or
wheru participsant identified areas requiring Improvement. Both of theme
types of trWorzation v-sre addressed during the weekly clinical OA meeting of
key SCRP staff, chaired by the SCR? Medical Project Director and attended by
an Air Fore,, representative. In adO.ition, written critique forms submitted
by all partici~pants were reviewed In detail at the SCM? weekly meetinks,
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providing additional, Insight. to both temporary shortcomings of the entire
logistic process as vell an the tmosrous strong points of the programs.

Following ezwaination of each participant group, till physical exami-
nation forms were reviewed by the SCR? staff for omissiona, inczmplete
examinAtion., and Inconsistencier. The exasiners or zee-Mniclans "grei quickly
contact..d to correct the data. Speedal a~ort vas mud. to comploet this
review while thri participants veor at the examination vitea. ~In all cases e~f
data correction., '%complete audit trail van saintaitsed. Finall~y, all1
mark-sense phyiical examination forms wnve read by an optical xcwatnr to
emaure total continuity and sensibility of the final exvminati~an contents..
(This subject to discussed in vaore detaAi n the batt:L Nuaagewm~t Quality
Control. oect'jon of this cisapter.)

Complimnce with all anpW'Wts of the physti ci stminatioi VIAs monitored
daily by the Lir Force "msite moni~tor an'i the $31 Nedical ?roject Director.
Additional periodic iunpoetimos were, cond~ucted by thts SC3. Chief of hedicifte
and the SIAIC Principal Invertitwtor. All such clinical re~vitva ware donhe
unobtrusively, and with the full covaswt of the Wat~icipeeut; suggestions or
corrections to the exsmwiwtion procredvre were .wvay's dis..ustied ptivatfhly w~ith
the attending physician. These insper~tIoms emphasised aspe~cts of clinical
toch~iques, sequencing &Awl completeness of the clinical data with renpvet to
the examination forms, AvA thri total blindness of the truvdnations. Cf.
particular note weto the det~inil-e daily log wAtrises of tbe five Air Force
monitors. These ontrles ensueree, couatinuity oif frnowvlee (the monit'jrs
rotated %Vproximw.tely every 2 weeks~) by documenting examiination procedure]
changes and zecoriing events roquiring follwum by, either tha Aiv. force o-r
the prime contractor.

Istablisbmuat of rapport wit.h each st.udy perticl et vas a primary 1pvil4
of all Orgmnizations intvolved io this study. AlthoW rapport buildivg" Wn
not be a traditional QA parameter in wost rfisaw.i'ch stcudios, it In patW*a(Aoat
In the APIS because maintaining the satisfaction of participants anto~rralpia
chem to cnntinue In the study, wAd tht-n a aignifi&cauat reduction in futu..e
xtatist-Ica1 power or bias, or both, Iu avoiided. 3"'.ry st~aff mau~bes'., threre--
fore, ftom the Initial telephione recruiter to the nurse cowrdivt~axs and tbe
Project Wanager, emphasised courtesyt empathy, assistance, and rpersmutalsaed
treatmert of each participant.

L&MAM RT EOUMLT COWMIlL

before the studi was begun, specific QC laboratory pro%:*durax vere
designed, developed, and Implemented to rapidly detect problems related to
test/assay performance, validity of reaguats, analysis of data, and reporting
of rosults. All laboratory asseys for the study were done with state-of-the-
art laboratory equipment =nd techniques. Laboratory facilities all had the
equivalent of Naitional Institutes ol Health liosafety Level 2 (ISL-2)
&pproval ratings and veto certified by the College of American Pathology
(CAP).

He.. .,logy assays were perfoýýmed on Coulter S Plus* equipment;
sedimentation tate determIinations vota performed using the large-tub.
Vestergren method. The Dupont Automatued Chemical Analyzer* (ACA) vas used to
perform the biothemicel &ssays; radioimunoassays (RIA) were done vith
standard test kii.s; and porphyrin was assayed by high-performance liquil



chromatography at the MKayo Molei In R.ochester, Miunesota. 5epatitis 3 teats
* vwere performed using Abbott ktiac, and manually performed eloctrophores~a and

monospecif ic antibodies were 'wed for immn~o-globulin assays. Blood-cell
counts were performed with *%andard microatopy, and Clinitek, a reflectance
spectometry urinalysis, was used for all urinalyses. ALl other assays Vera
done using industry-approved equipment and techuiques.

All laboratory operations were controlled with the use of an Integrated
medical laboratory management Information system that Incorporated direct
device to data base Interfaces foat automated testing equipment, and data
entry for manual tests was pea formed by the laboratory technologists. An
automated audit trail and a at t of comments for technologist entries were
kept for each test so that any OC results could he retraced.

Pxocedural OC Included using instrummtoation and reagents from one lot
number throughout the study. Strict standards of --alibration for all
automated laboratory equipment were maintained at all times.

Trilevel or bilevel controls were used as the primary means for
monitoring the quality of all tests. On every group of participant samples,
one control (low, medium, or high) was run at the start, after every ninth
sample, ind at the end of each tast run. Bach trilevel control wvex used
before repeating It In the run, when more than 18 experimental samples were
analyzed. In addition, split. aliquots were made from ewery tenth patient
sample and were analyse4 separately to measure test reproducibility.

All OC data were analyzed and sumarised in formal OC reports geaeratwt
weekly. QC data were subjected to independent statistical analysis to

* ~produce and analyze time-depeadent trends. For all equipment malfunctions or
other exceptions, a formal OC exception report was prepared by the respon-
sible individual and forwarded to the OA officer and the project management
teem.

An additiotial measure of quality contr?l introduced during the study rai
the CUStif tests run with trilevel controls. In particular, the fast Initial
response cumulative sum (FIR CUSUN) QC technique was used. It has an
advantag, In detecting long-term asutl drift that could have substantial
adverse analytical consequences. FIR is a special case of the CJSWI OC
scheme that increases the overall effectiveness of the OC procedure. Unlike
OC procedures using standard control charts, which compare each observation
to designated limits, these tests utilize the cumulative sum of deviations
,roL a target valum.

CUSUP statistics were accusuuhtd for each of the trilevels to quickly
deý,ect imstrument calibration proilems as identified by excessive drift.
If an out-of-cor~trol situation was indicated, the graph showed when the
change first occurred. Coefficient of variption (CV) standards vere
establisuhed before the study for each test. All adjacent patient sampl.es
vere reAnalyzed after the equipment was thel ,woghly checked and fresh controls
were run.

FIR CUSUN generally has been applied to OC in Industry, particularly In
high-volume, high-precision applications. To our knowledge, HIR CUSUN has
not generally been applied in a biomedical setting. According to SCR?
laboratory -nersonnel, this procedure proved so successful in the AIRS that
most of the SCd? clinical laboratory will begin using it in the near future.
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An t"e examination portion of this study ended, all laboratory outliers
vere analysed for logical validity by an independent clinician. All out-of-
range tAst results vere examined and scored as clinically explainable,
clinic,•lly possible, or clinically unexplained.

Oaiit Coantrol Procedures for ti* I.mm 1_o_ Laboratory

The OC procedures for the Cellular Imunology section of the AVIS were
u*tructured to rapidly detect tny problems in four major test parameters:
(1) assay poirformsnce, (2) reagent validity, (3) data analysis, and
(4) results reporting. The OC measures were aetailed in the Quality Proce-
dures Plan and documented before testing, 3tarted. Compliance was monitored
daily by the Cellular Immunology laboratory supervisor. Key swpects of the
program included instrument and equipsaut callbration and maintenance, assay
controls, accuracy and precision determination, and system failure checks.

OC measures followed in all Cellular "Nmunology assays included:

e Blood sample frome a normal, healthy control individual vith each group
of ANES patient samples

o Duplicate testing of one random patient maple in each assay

* Quadruplicate testing of each pa.ient sample for each variable in each
of the functional assays (e.g., PRA stimulation, natural killer cell
effector/target ratios)

e Parallel testing and monitoring reactivity of various lots of reagents
when appropriate

e Verification of oatient and specimen identification by at least tvo
individuals before final reportinS to the data base

* Note codes attached to any data point with a detected deviation from
normal due to procedural setup error, assay malfunction, equipment
malfunction, or assay techrical error

e Review of all final assay reports by the Cellular Immunology
laboratory supervisor prior to entry into the data base.

QC for each functional assay including phytohemaM lutinin (PRA),
pokeweed, mixed lymphocyte culture (MLC), and natural kil.er cell consisted
of monitoring assay controls, duplicate sanple reproducibility, and any
trends in rgagent reactivity. Assay prccision was determiaed by calculating
the CV of the quadruplicates for each variable tested. Also, a mean value of
the CV for each assay was calculated. Individual CV's of 15 percent or less
were the target values for the stimulated sample& in the mitogen and natural
killer cell assays. The Student's t-test was applied to duplicates to
determine if there vas a significant difference in sampling for the
functional assays. Critical t-values at the 0.05 significance level were
used to determiny if duplicate sample results varied significantly. Grubbs,
statistical test was used to identify any statistically significant outlier.
This test via applied only to samples vhose C19's were greater than 20 percent
at a p-value of 0.01. The mitogen stimulation (PiA, pokeveed) effect vas
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followed by daily evaluation of the radioactive counts in counts ,er minute
*(cpu) fur each mitogen. When counts fell below expected valupi, suggesting

that reagent deterioration had occi.red, new aliquots vere used.

OC measures for the cell surf.kce marker assays were calculation of
T4 T, I/T1  cell ratios, evaluation of flow cytometer computer outp'ts
(cytograms and histograms), and duplicrte sample testing. T ,T /T , cellular
ratios should approximate the value 1.0 for a normal population! 4Vidity of
cytogram and histogram distributions generated by the flow cytometer was
confirmed by the Cellular Imunologr, laboratory supervisor for each sample
analysed. The percent positive cells for each surface marker was determined
in the duplicates and viewed graphtcally using a microcomputer program. Any
significant differencs between duplicates were noted and followed for
abnormal trends.

On completion of this follovup effort, the entire cellular immunology
data base vas reviewed by the Air Force teaz, laboratory staff, and con-
sultants. Co ments attached to che data points were also reviewed. Any data
point that appeared unusual was revieved and identified as an unexplained
outlier. Unexplained outliers were leleted froe the data base as errors of
an unknown nature. This review was conducted without knowledge of exposure
status.

DATA MNA 1- 02 QUA=T CONTROL

Overview of Quali, Control Procedures

The QC program for the data management activity consisted of multiple
checks at all steps of the examination, data collectioq, and data processing
cycle. Data OC procedures for data collection, conve•sion, and integration
were developed before the clinical examinations began. Pretesting of all
forms, procedures, and logistic arranpuents was conducted 3 veeks before the
examinations actually began. Additionally, during the first 2 months of the
clinical examinations, all data collection activities were intensely scruti-
nized to detect and correct procedural deficiencies.

QC activities also included automated OC techniques applied to labora-
tory data, clinical evaluations of all laboratory outliers, review of all
physical examination findings by an independent diagnostician, and automated
and manual data qual!ty checking of hard copy against transcribed computer
files for all questionnaire, physical examination, and medical coding data
streams.

Five interwoven layers of QC were instituted to ensure data integrity.
Efforts focused on (1) data processing, system design, (2) design and adminis-
tration cf all exams or questionnairvis, (3) data completenass checks,
(4) data validation techniques, and (5) quality concrol of medlical records
coding. In some cases, the OC procedures about to be described were
implemented throughout the data managewmnt task rather than &&signed to a
particular activity. These comprehensive OC procedures will be mentioned
where appropriate throughout the remainder of this section.
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Data Proceasing System Design

For each data stream, standards were set to establish data element
forwat (character or numeric), data element naming conventions, data element
text labels, numeric codes for qualitative responses and results, OC range
checks for coaitinuous data elements, and OC validity checks for categorical
data. A data dictionary p',vided detailed information on each data element.

A systems integration api.-oach was applied to the design and implemen-
tation of data co!iection procedurts and techrniques so that data emanating
from the various study sources %7physical examination, ques-ionna!.re,
laboratory) were consistent in file format and structure. This was necessary
to ensure that all data could be integrated into a single data base managE-
-mnt system for analysis. Figure 6-i provides an overview of the QC
activities used in the data base management proces3.

Forms and questionnaires were carefully designed to ensure that all
required data elements would be collected according to the Study Protocol.
The design of these instruments was such that they reflecteA the order in
which the examination itself would be administered and provided for the
sequential recoding of information to streamline remaining data management
activities.

Completed medical records and questionnaires were c'nverted from hard
copy to machine-readable images using customized data-entry systems or
state-of-the-art optical mark reading equipment. VeriVication procedures
were performed to ensure that a uniquely identified participant record
exi3ted within each data file, and that the appropriate number of -:esponses
for each applicable field was provided. Data files werat then ver" '-d
against original data sheets and corrected as necessary.

Data files were then subjected to validity checks. Any potentially
conflicting rrosults as well as any data values falling at the extremes of
expected ranges were manually reviewed. Extreme values were reverified
agair'st the original raw data copies and either corrected or 'ocumented as
valAc results. Potentially conflicting results were returned to the
examitters for review. These results were then documented as correctly
recorded, corrected, or flagged for exclusion from analysis because of
unresolvable examiner errors or omissions.

Once the edits were completed and the dat;. reverified, the "cleanea"
files or tapes were tr•asferred to the data analysis center for final

* inspection and integration into the study data base. For this QC measure,
each data file was loaded into a Statistical Analysis System (SAS*) data set,
and descriptive anv lyses were run. The validation, cn-rection, rransmission,
and analysis QC procedures were repeated as necessary to ensure that all
extreme or suspicious values had been validated.

Design and Administration o. Physical and Psychological Examination Forms

As mentioned, tht ýxamination forms were designed to solicit all
required data such thn" recording time was minimized, comprehension was
enhanced, and data input could occur with a minimum of transcription errors.
Optical Mark Recognition (OdR) technologies were selected to eliminate the
riak of transcription errors and were applied 'o all psychological tests.
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Customized mark-sense forms were also developed wand OKR technology was u~sed
to achieve these same objectives C.or seguenti of the physical examination and
the Aelf-administered questionna'Ares. Thea use of mark-sense forms allowed
the creation of computerized data files directly fr~im the raw data recorded
on these fouuu.

QC procedures for all dvta collectxio instruments began with a review of
all forms iwamediately as they were completed. Aiuy forms containing missing
examination results were returned to the" examining physician )'r com~pletion
before the participants left the siite. Any questionable results or
"hard..to..diegnose" conditions (such as hMart sounds or peripher~l pulses)
Pere verified by the diagnostician at the outoziefikag. All examination forms
were signed by the examining physician, and the examinear identification
number was coded lin the data base so that Interexaminer variation could be
analyzed. Detailed OC records were maintained., which indicated the examin~ing
physician and the type of SefiL:.ency detected. Deficiency reports were
reviewed by the stuidy coordinator to detect any patterni of physician data
entry error. A final level of QC audit was accomplished by Air Force
statisticians, who ccnducted a detailed screening of the data and checked for
errors.

Data Couple temeux CMecks

Customized programing of the OHR allowed fov the identificetion of
those forams (and their corresponding data records) with missing responses, as
v.11 as those with multiple responses to questions that required a single
response. The OHR scanner was programmed to reject forms that failed
coswpleteness and multiple response checks and to output a contcol code for
each rejected f~rm. The control code idcntified the location of the first
three verification checks failed for a given form.

Then a raw data form vas rejected, the reason for the rejection was
determined and the exact data element was corrected by comparing the rejected
rav data form to the value. recorded in the data record created by the
scanner. A customized set of rejection and resolution codes was developed
for the study to describe all the reasons for a form's rejection and any
subsequent reasons for changing a data value. Various codes Identified
values recovered from light marks, missing marks exiplained by examiner
comments, and missing com~ent flags resolved by the presence or absence of
text in the comment areas. Those codes ensured data completeness by
accounting for all questionable or missing responses. (See examples of mark-
sense forms Ina Figures 4-3 and 4-4.)

Some of the re~ecteG forms did not concain actual data errors but rather
anomalies created in uising mark-aents cards for data collection. For
iastance,, incompletely erased responses and responses marked with too little
carbon or graphite were incorrectly counted or missed, respectivel~y, by the
scann~er. Examiners alao tended to cloarly mark responses for abnormal
findings while tbypasing ar lightly aarking responses for expected or desired
Zindings. Failure of the forms to provide the cocract number of excpected
responses alvays resulted in rejection. These tachnology-basad errors were
resolved, as were the anticipated, more traditional errors.

The re~jection code, data location codev resolution code, data
inspector's initials, and correct data value wer~d directly posted to a
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I
participant's data record. This innovative technique not only effectively

* maintained a comprQhensive audit trail of all record manipulations, it also
provided ai mechanism for Eeasuring thi frequency of specific errors.

Careful monitoring identified trends where individual data values were
missed as well as the frequency with which individual examiuers incorrectly
marked their examination forms. Statistics were compiled on out-of-range
results and data omissions that had been accepted in the previous QC audits.
The results were monitored to detect zrands, possible bias situations, and
other data quality problems. This information was reviewed and relayed to
examiners and internal au.itors to assist in preventing or correcting
chronic, but avoidable, problems.

DIata Validation Techniques

QC activities also included data validation techniques. As mentioned
earlier, data files ve:e examined in a .series of verification and validation
procedures developed to check the results within each payticipant's record
for logictl consistency and abnormal findings. Any records noted to have
ambiguous findings, incongruent observations, extreme results, or nonobvious
errois or omissions were listed and submitted for review to a physician.

Again, clinical judgments were made by the auditing physician in
assigning a validation code for each extreme or questionable data result.
The validation codes allowed for indicating that data were deciphered from
examiner comments or from related findings from another specialty area, or
were accurately recorded and logically consistent with other findings for the

* participant. Data points that could not be definitively validated or
recovered through clinical judgment and consultation with the original
examiner were assigned codes noting missing or invalid data values. Theseunrecoverable data points were excluded from subsequent analysis.

Medical Records Coding Qualit Control

Upon completion of the NORC data processing, all AFHS questionnaires
were forwarded to SAIC for the medical coding of reported conditions. The
International Classification of Diseases, 9th Revision, Clinical Modification
(morbidity); International Classification of Diseases, 9th Revision
(mortality); Systematized Nomenclature of Medicine (anatomic site); and
American Hospital Formulary Service (medications) coding schemes were used,
suitably modified. Each questionnaire was coded by two coders working
independently. The results of the two coders were forvarded to the USAF for
100-percent QA/QC and final adjudication. The information from the physical
examination vas coded similarly.

after the coding data were adjudicated, they were returned to SAIC for
data entry. The coding sheets were batched, key entered, verified, and
corrected. The corrections were also verified. The key entry and verifica-
tion functions were performed by. various operators. Five percent, or
100 records of each batch (whichever was larger), was randomly selected and
subjected to manual reverification. An error rate of greater than 1 percent
of this sample mandated reverification of the entire batch. In this final
QA/QC check, the automated files were reviewed and compared to the hard copy
by trained medical record coders, all of whom satisfied the minimum reqnire-
ment of Accredited Record Techiiician or Registered Record Administrator
eligibility.
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A manual tracking system was used co retrieve medical records. A
chronological log was maintained to track participmnt requests for
authorisation to obtain medical record(.), receipt of the authorizations,
requests for records from the provider, afd receipt of the records from the
provider. Identiiying infornation in these logs included participant name,
case number, date of action, condition(s) to be verified, dependent name (if
appropriate), and type of medical provider (Federal/non-Federal).

Due to the intricacies of obtaining medical records from Federal
f,.ilities, this task ultimately became the responsibilily of the Air Force.

STATISTMCAL ANALYSIS MITT CMDOL

Specific OC measures vv-e developed for activities falling within the
statistical analysis task: construction of data bases for the statistical
analysis of each cliacal chaptar, the statistical analysis itself, and the
production of statistical reports to serve as the basis for the clinical
chapters.

Bacb specialized statistical data base vas constructed by defining and
locating each variable within the amy subparts of the composite follovup
data base. Lists of variablas and their data sources were submitted to the
Air Force for appxroval. Although the data had been subjected to OC
procedures during collection, statistical checks for outliers and other
improbable values were conducted; anomalies idemtified by the statisticians
were discussed with those responsible fo. the data collection, i.e., either
NORC or SCRF.

GA largely depended on regular communication and general agreement among
statisticians. Several meetings and consultations among the Air Force team,
the Principal Inveatigator, the SAIC statisticians, and the University of
Chicago staff members were held in conjunction with the development of the
data analysis plan. During the course of the analysis there vera frequent
telephone conversations. Any problems arising in the statistical analysis
were resolved by team discussion. The software wms checked by conparing
results from analyses on the same variable by different programs (for
example, 3MDpo-LR [logistic regression] and DNDPF-4F [log-linear model]
will givea the same esults for dichotomous variables when the program options
are chosen properly). The statisticians frequently checked that the number
of obse-vations used in an analysis was correct, and peor review ensured that
the program code was appropriate for the chosen procedure, The analyses were
conducted in accordance with the data analysis plan which vms reviewed
extensively. Throughout the study, duplicate data bases were maintained by
the USA? aad SAIC. Upon completion of the analyses, SAIC delivered all
analysis software and SAS data sets for each clinical area to the USAF for
final review and archiving.

All tables and statistical results vere checked against the computer
output from which they were derived, and all statistical statements in the
text were checked for consistency with the results given in the tables.
Additionally, drafts of chapters in the report were reviewed by the USAF and
SAIC investigators, and the QRC.

1
6-12



CS2PTf 6

1. 3issell, A.F. 1969. CUSUM techniques for quality control. AR91. Stat.
Vol. 18.

2. Lucas, J.H., and R. Crosier. 1982. Fast initial response for CUSUM
quality control schemes: Give your CUSUE a headstart. Technoetrics
Vol. 24.

3. Grubbs, F.S. 1969. Procedures for detecting outlying observations in
samples. Technometrics 11:1-21.

6-13



CArm 7

STATISTICAL WKT00

This chapter sumearises the key statistical elements of the study
design, the statistical analysis issues, and the specific statistical methods
used in the analysis. Additional details may be found in the USAV Study
Protocol.

The primary focus of the statistical analysis was a contrast of health
status of the Ranch Hand and Comparison groups. Assessments were made of the
proportions of participants with abnormal findings and of mean levels of key
laboratory measurements. The analynes encompassed both simple contrasts
between the two groufs and more complex methods, in which adjustment was made
for important covariates.

In additior to these analyses, the possibility of an increasing response
of medical problems with herbicide dose was explored, since if indeed there
were an effect, more problems would be expected among the more heavily
exposed. Although exact dosage information is not available, an exposure
index vas developed for the exposed population (the Ranch Rands) that approx-
imates the potential herbicide exposure of each individual, Incorporating

* information such as the occupation of the individual, his period of duty in
the spraying operation, and the numbers of barrels per day of herbicide used
during that period. Details on the exposure index are given in Chapter S.
Dose-response analyses were conducted for the Ranch Bands only, using this
exposure index as a surrogate measure of dome.

Interpretation of the results of the exposure index analyses, however,
depends critically on the accuracy of the exposure index, which presently can
be regarded as only fair. (Improved dosage information will be obtained for
future studies from recently developed serum dioxin assay techniques.) Thus,
the analyses of overall group differences betveen the Ranch lands and the
Comparisons are given primary emphasis, and the exposure index analyses
merely supplement them.

STATISTICAL STOUT D•SIG

An overt herbicide effect would be characterized by more symptoms,
signs, abnormal laboratory tests, syndromes, or diseases in the Ranch land
group than in the Comparison group. If the disease(s) were fatal, increased
mortality might also be observed. A subclinical herbicide effect would be
detected as -A increase in abnormal findings on the physical examination
(particularly laboratory tests) that may or may not also be associated with
symptom reporting or increased mortality. Thus, the basic objective of the
statistical analysis is to test for differences between the Ranch Hand
(cxposed) group and the Comparison (nonexposed) group.

0
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In general, two types of data are used ia the analysis. 7irst, there
are subjective data on symptoms reported by the participant in the question-
naire and in the reviev-of-systesa section of the physical examinatior.
Second, there are objective data, vhich include medical findings or signs
identified d'iring the physical examination, or by reviews of laboratory
results, mwdical records, and death certificates.

Symptoms reported by the study participants are subjecetive by defi-
nition, and are subject to influences that could result ins erroneous con-
clusioIus. An association found between reported symptoai and herbicide
exposure must be subjected to further confirmation, as the observations may
result from over- or under-reporting bias and may not be indicative of a true
herbicide effect. On the other hand, the medical findings data do not suffer
frym the same degree of participant influence.

The medical findings and medical records review were conducted by highly
trained individuals employed for the duration of the data collection and
assessment phases of the study. 1hey were held to stringent OC standards, as
described in Chapter 6, to ensure that these data vero as objective and
accurate air possible.

Incorporated in the study t'isign is a feature that attempts to check for
and correct symptom-reporting errors. A key component is a reported symptom
verification process cond';cted by reviewing particijimt medical records and
findings from the physical examiaation. In the retrospective morbidity
portion of the study, the participant is questioned on oast illnesses and
medical conditions. With the participant's consent, an efifort is made to
obtain the medical records to verify the reported condition and, thus,
to substantiate any unveriried conditions. In additif, the study design
includes verification of negative responses to determine unreported
conditions. The medical record reviev process is timi intensive and only aportion of the data yas available for analysis In this study. Over-reporting

was assessed by comparing the reported illness rates with the results of the
physical examination and medical ra.ord review. Siailarly, the assessment
and correction of under-reporting requires the review of medical records to
identify unreported illnesaes. Obviously, this under-reporting assessment is
restricted to conditions for which medical care vas obtained or that were
identifiable at the physical examination.

STATISTICAL ISSUES

In conducting the statistical analysis of the data in this study, there
are a number of underlying issues. Except for bias, which is the topic of
Chapter 5, these issues are discussed in this section. However, based upon
the ragults of the bias analysis presented in Chapter 5, all statistical
analyses in the clinical chapters use the contrast of lanch Bands versus the
total Comparison group. For the purposes of completeness and cross-reference
to the Baseline report, identical analyses using the contrast of the Ranch
Hands versus the Original Comparisons have been conducted, and these results
are presented in the form of summary tables in each chapter appendix.
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Intervening Variables

Men comparing ary two groups of individuals, the exact proportion of
diseased individuals in each group is usvAlly found to differ. The rurpose
cl classical statigtical hypotheiis testing is to determine whether the
observed difference in disease rates could 6e due to chance alone. If the
observed difference is not attributable to chance, the tvo groups are
considered representative of tvo truly different populations.

If a s&tatistically significant difference is found between the Ranch
Rand giroup and the Compison group, results fro* more rigorous statistical
procedures must be examined and the medical context considered before the
possibility of a causal relationship between 4isease and group (exposure) can
be entertained. Alternatively, the absence of a statistically significant
difference between groups does not exclude the possibility of a true causal
relationship between exposure and disease. Thus, group associations, whether
significant or not, should be examined with adjustment for other variables
called intervening variables (explanatory variables, risk factors, or
covariates) that may account for, or mask, a true effect. For example, the
two groups might differ with respect to age or racial vomposition, each of
which may affect the outcome of the study. To protect agaist this, the
technique of matching was used: The Ranch lands and Comparisons were matched
on age, race, and military occupation.

Since it is not feasible to perfectly match a Comparison to an exposed
individual with respect to all important explanatory variables, statistical
procedures may be used to adjust for such explanatory variables so that valid
interpretations can be made of apparent group differences. Thus, it was

* necessary to identify and collect data on suspected explamatory variables.
Unfortunately, there I* no way to nsuroe that all important inteveming
variables are taken into accont. The best mtbhl that cm be achieved is to
incorporate all known covariates in the data collection sod analysis.

In most studies, covariates are variables measured prior to exposure.
Novever, in the AESM, except for tte matchirg variables and historical data
related to events prior to service in Soutbh•t Asia, most covariate values
were obtained at the Baseline or first fell" interview sad phrsical
examination, vhich occurred 10 to 20 years following exposure. Tbese
covariates can generally be referred to as tes d ent covariates. They
can elucidate the causal path betren exposure and a particular disease;
however, they are in a sense both tepemdent 4-A inde;emdent variables, Nd
therefore, analyses involving such covariates require careful interpretation.

Besides covariates, both confounding variables and interactions msat
also be considared. A confounding; variable is an intervening variable
associated with both disease and axposure. (This is in contrast with a
covariate that is associated only vith disease.) Adjustments must be made
for confounding variables to avoid a biased estimate of the group-disease
relationship. An interaction exists when the effect of one variable varies
across the levels of another variable. for exaniple, the group difference
might be large in one occupation group and negligible in another. Incor-
porating interactions in the analysis allows for the identification of
subpopulations at increased or decreased risk.
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Conducting a statistical test using a Type I error, also called alpha

level, of 0,.05 (ca =0.05) means that, on the average, in 3 cases out of 100, a
false con'clusioirs that an association (herbicide effect) exists would be made4
when ina reality, there is no a~ssociation. The other possible inference error
(called a Typo 11 nrrar) is that of failing to detect an association when it
Mctually exists. The probab~ility of r Type II error (j9) for a statistical
test is I minus the power of the test. The power of the test is the proba-
bility that the test will reject the hypothesis of no hevt'icido effect when
an effect doe&u in fact exist. Th* power of a test depends on the group
sample sizes, th* disoase prevalence rate, and tho tru~e group differxi~ct
measured in terms of relative risk.

Table 7-1 contains thae %pproximate sample s~x* required to detect
specific relative risks with an approximate power of 0.8 (0 .0.2) using an
alph~a level of 0.05 for a tva-sided test and assuming equal Ranch Send and
Comparison group sixes and unpaired analyses. Relative risk is the ratio of
the disease prevalence rate of the Itanch Band and Comparison groups. Condi-
tions or diseases with comparison populatioa prevalence rates an4 exposed
group relative risk~s corresponding to th~ose below the heciry black line on the
table car. be detected with an approximate 0.8 probability with the sample
sixes used In this x-tudy.

Table 7-2 provides the sume information for continuous variables In
terms of percentage mean shift and variability, assuming unpaired testing of
a normally distributed variable and wqual sample sites.

Iai the first fo..iovup Of tI"'i AP..A, 1,016 Ranch Bands participated In t~e
physical examination. In this size gr~oup, the chance of identifying zero
cases of a disease with a prevalence of 1/500 or less inz greater than 10 per-
cent. Table 7-3 contains the probability of encounturing no caeao of dtisease
statis for cumulative prevalence rates of 1/200, 1/500, 1/1,000, 1/2,000,
1/5,000, and 1/10,000.

Multiple 2ndpoints and Comizoins

In dev~loping the Protcctl for the AFHS, previoa~s animal and epidemio-
logic studies, tase repctsr ant, veterans' concerns were reviewed to delin-
*at~e che possible erects of oxp.-sure. The *-oaclLjion wvat reached that a
comprehensive evalurtion wax nz-did due to tha lack of ;ýn easily identifiable
symptom complex in individual patients. Consequently, th, morbidity study is
very broad ir. scope, involving the collection and analyvsis of data related to
general health indice3 as well ar specific organ systems and clinical disease
catesoriis.

The large nu&Lor of aradpoi~ts uider consideration presents a difficult
problem in the ass.=s-ent of T,-pt I etror rates. More th~n 150 dependent
variables were tested, not ,,, mention tests for interaction and multiple
contrasts amortg the low, medium, and high exposure-level categories in the
exposura. index rnalyses. Furthermore, the dependent variables were cor-
releted to varying degrees, and this makes it even mort difficult to assese
the attained signific~.nca levils. TO allow for multiple endpoints'. Bon-
Eerrnnils inecquility, which requires .uignilicance at the a /K level where K
is the number of endpoints conaidered, may be used, but thi3 procedure4
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1,410,02 391,90M 117,%4 39,14 21,766 14,690 10,9M 89,73 7,193 6,118 5,317
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TANU 7-2.

"3oqui•s• 1mple Uses To Dtett Gromp Dtfferemcen
ii Tvr-SSPIe Testin As smumng aqsw SIape Sias*

(Eimu Shift Calcal.aioms)

Non shift Variability (./0)

0.05 0.10 0.25 0.50 0.75

0.52 1,568 6,272 39,200 156,800 352,800

1. Ox 392 1,56a 9,800 39,200 88,200

1.32 175 697 4,356 17,423 39,200

2.02 96 392 2,450 9,800 22,050

2.5Z 63 251 1,5lv 6,272 14,112

5.02 16 63 392 1,566 3,528

7.52 7 28 175 697 1,568

10.0Z 4 16 96 392 882

*This study has unequal sample sizes; therefore, the tabled values are
understated. The similar table in the laseline Morbidity Report, 24 February
1984, is ii error because t ,bulated sample sizes vere only one-half of their
correct values.
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TA]L, 7-3.

Probability of Zero Cases as
a Phmction of Prevalmce

?robabiiity of FKilai
Zero Cases in a Group

Disease Prevalence of 1,016 Participants

1/10,000 0.903
1/5,000 0.816
1/2,000 0.602
1/1,000 0.362

1/500 0.131
1/200 0.006

becomes Incteasingly more conservative as the correlation among the endpoints
incr,,ses. For the analysis results in this report, an alpha lvel of
0.05 fts used for each dependent variable. In addition, group contrists in
strata defined by levels of a covariate Involving in a group-by-co-ariate
interaction vero assessed by an alpha level of 0.05. The same vas true for
exposure livel strata.

In light of the multiple-endpoints problem, extreme caution In the
interpretation of statistical results vas required. A first consideration
vas the strength of the association in terms of the sigipficance of the
relative risk or difference in group means. All associations vith p-values
of 0.10 or less vere examined and are described in this report. Then,
careful conwderation vas given to the pattern of statistically significant
results. Vere only a fay sporadic endpoints statistically significant, or
vas significance achieved on a number of endpointz inditp.ting the same organ
system failure? Were the significant results all in Oe same direction, and
did they make biological and clinical sense? Did they confirm previous
studies, or vert they nev findings?

Paired Versus nwired

Matching uubjects in a study design on selected variables improves the
comparability of the groups to be compared and, depending on the relationship
of the matching variables to the study objective, the matching can be used
explicitly in the analysis. In this study, the Comparison group vas matched
to the, exposed group on age (to the nearest month of birth), race (Black,
nonblack), and occupational category (officer-pilot, officer-navigator,
officer-nonflyer, enliated flyer, enlisted groundcrev). The matching vas
exact for occupational categry, nearly exact for race (three mismatches
occurred because of recording errors), and very close vith respect to age
(69% of the mortality population vas matched to the nearest month of birth
and more than 95% to the nearest year of birth).

The general approach in this report, hovever, vas to conduct unpaired
analyses using all available data, based on stratificatJon and/or covariate
adjustment. In an wupaired analysis, the matching still serves to improve
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the comparability of the two groups, and precision is usuaily gained from the
stratification and covariate adjustment.

Nortality and horbidity Data

The AFHS incorporated both mortality and morbidity indpoints. The mor-
tality data have ba,,a "I v11' cont.int- to bo, subjected to separate anal-
y3is. Icterpretation of the morbidity analyses must be made in the i1ght of
the mortality results, particularly as the study continues and the number of
deaths increases. Differential mortality in the two groups could obviously
have an important impact on contrasts of physic3l examination findings in the
surviving cohorts. This issue vas examined in the analysis of selected
diseases, for example, cancer.

Cutpoints

The variables in this study vere discrete, categorical, or continuous.
MAny served primarily as dependent variables, and vhen in the continuous
!orm, powerful analyses vere possible. In other settings, particularly when
log-linear or logistic regression models were fitted, it is often necessary
to dichotomize or discretize the continuous variables. Discretization, by
establithing suitable nonoverlapping intervals or cutpoints, vas often the
result of a judgment requiring both statistical and clinical input.

In general, cutpoint decisions considered the form of the variable,
distribut:on of the variable, established values (c.g., cholesterol, normal-
abnormal, as specified by a given technique in a given laboratory), scien-
tific values set by precedence (e.g., systolic and diastolic normal threshold
140/90), and error induction by another v~r'able (e.g., use of the blood
pressure threshold in obese-armed individuals). The approach tu the selec-
tion of appropriate cutpoints was to select all cutpoints on a case-by-case
basis and, where indicated, use the norms of the SCRF labiratory.

Exclusions

Due to medical considerations, certain subjects were excluded from the
analyses of selected cinical categories. The exclusions were generally
defined in the Baselina study and are identified in the clinical chapters of
this report. Other exclusions were the result of missing data.

OVKRVIBV OF STATISTICAL PROMMZS

This section summarizes the basic statistical approach used in the data
analysis nf the first foll'•z of the AFUS. The approach consisted of four
parts: (1) preliminary waalysis of the dependent variables and covariates to
check for data anomalies and to obtain a general overview of the data,
(2) core analyses to ca?:efully determine any possible effect of heobicide
exposure, (3) analysis of the exposure index to investigate the dose-response
relationship for the Ranch Hand group only, and (4) longitudinal analysis to
examine changes over time. A summary of the statistical techniques utilized
is provided in Table 7-4. This basic approach was utilized in the analysesfor each clinical category.
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TABLE 7-4.

Sumary of Statistical Procedures

Chi-Square Contingency Table Tect

The chi-square test of independence 2 is calculated for a contingency
table by the following formula:

e - t(fO-fo)31f
where the sum is taken over all cells of the contingency table and

fuobserved frequency in a cell

f*.expected frequency under the hypothesis of independence.

Large values indicate deviations from the null hypothesis and are tested
for significance by comparing the calculated le to the tables of the
chi-square distribution.

Fisher's Exact Test

Fisher's exact test 2 is a randomizati(;n test of thQ hypotheri' of
independence for a 2x2 contingency table. Thia technique is useful for
1mell samples and sparse cells. This is a permutation test based on the
exact probability of observing the particular se*t of frequetties.

General Linear Model Analysis

The form of the aeneral linear model' for tvo independent vari'leas iL:

YT - ÷n a2 + 132X+X2 +

where

Y a dependent variable (continuous)

at = level of Y at X1 - 0 and X2 = 0, i.e., the intercept

X,,X2 - measured value of the first and second independent variables,
respectively, which may bn continuous or discrete

01,02 - coefficient indicating linear association between Y and X,, Y
and X2 , respectively

012 a coefficient reflecting the linear interaction of X1 and X2

C = error term.

This model assumes that the error terms are independent and normally
distributed with & mean of 0 and a constant variance. Extension to
multiple independent variables and interaction terms is immediate.
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TAILI 7-4. (continued)

Sumawy of Statistical Procedures

Linear regression, multiple regression, analysis of variance, and
analysis of covariance are all examples of general linear model
analysis.

Kolmogorov-Smirnov Distribution Test

The Kolmogorov-Smirnov (K-S) test3 is a nonparametric procedure which
assesses differences between the distribution of two samples. Specifi-
cally, the K-S procedure tests the hypothesis that populations and
are identical and is designed to detect all possible deviations rom
this hypothesis. The assumptions of the K-S test are that the observa-
tions from the two samples are mutually independent and that both sets
of observations are samples from the same distribution.

Logistic Regression Analysis

The logistic regression Model,2 4 enables a dichotomous dependent
variable to be modeled in a regression framework with continuous and/or
discrete independen: variables. For two risk factors, such as group and
age, the logistic regression model would be:

logit P - at+ X1 + 03X2 + .iXZX + €

where

P = probability of disease for an individuul with risk factors X,
and X2

logit P - ln (P/1-?), i.e., the log odds for disease

X1 = first risk factor, e.g., group

X2 M second risk factor, e.g., age.

The parameters are interpreted as follows:

log odds for the disease when both factors are at a 0 level

a coefficient indicating the group effect adjusted for age

0 M coefficient indicating the age effect adjusted for :group

012 cOeficient indicating the interaction between group anA age

C - error tevm.

In the absence of an interaction (0 = 0), exp(I) reflects the
adjusted odds ratio for individuals -n Group 1 (X' = 1) relative to
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TAWLK 7-4. (coutinuted)

Summary Of statistical Procedures

Group 0 (xI - 0). If the probability of disease is small, the odds
ratio will be approximately equal to the relative risk.

Homogeneity of the odds ratios sacross different strata vas assessed by
the method of Breslow end Day.

Throughout this report the adjusted odds ratios are referred to as
adjusted relative risks. Correspondingly, in the absence of covariates
(i.e., unadjusted analysis) the odds ratios are referred to as estimated
relative risks.

Proportional Odds Model

The proportional odds modelo allows for the analysis of an ordered
outcome variable. The model assumes that the odds of falling below a
certain level rath-er than above it for individuals at different levels
of en independent variable X are in constant ratio. For example, if the
response tm, ies one of the four values "excellent," "good," "fair," or
"poor," and X is a simple indicator variable designating group (Ranch
Hand versus tomparison), then the proportional odds model states that
the odds for responding "excellen." versus "good," "fair," or "poor" in
the Ranch Hand group are a multiple, exp(0), of the corresponding odds
int the Comparison group. Likewise, the odds for responding "excellent"
or "good" versus "fair" or "poor" in the Ranch Hand group are the sane
aultiple, exp(P), of the corresponding odds in the Comparison group, as
are the odds for responding "excellent," "good," or "fair" versus "poor"
in the two groups. Thus, the model is appropriate whenever one
frequency distribution is "shifted left" relative to another distri-
bution. Incorporation of other variables into X allows the estimation
of proportional odds ratios adjusted for covariates.

Let the ordered response Y take values in the range 1 to K, and let
n,(X), ir1,...,K, dernote the probability of responding at level i for an
individual with covariate vector X. Let Kc(X) be the odds that Y< j
given X, i.e.,

K• (x) - R, (D.+n2..). +-.Q
•÷•1 _) + nJ(_X) +÷...+ n,(X)

The proportional odds model specifies that

KJ(X) - Kj exp('_X), for constant K
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TABIB 7-4. (continued)

Summary of Statistical Procedures

Thus the ratio of odds for individuals at covariate levels 11 and X2 is

ýJ Q, )
KIQ:) '. exp(1'(X, - X2))
Kj (• 2 )

and depends only on X- 2 and not on J.

Log-linear Analysis

Log-linear analysis 2 is a statistical technique for analyzing cross-
classified data or conttngency tables. A saturated log-linear model for
a three-way table is:

ln (Zijk) Uo + UI(i) + U2 (j) ÷' U3 (k) + U1 2 (ij) + U2 3 (jk) +

U1 3 (ik) + U 1 2 3 (ijk)

where

Z ijk expected cell count

Ui(i) - specific one-factor effect

U 1 2 (ij) - specific tvo-factor effect or interaction

U1 2 3 jk) - three-factor effect or interaction,

The simplest models are obtained by including only the significant
U-terms. Adjusted relative risks are derived from the estimated U-terms
from an adequately fitting model.

McNemar's Test

McNewAr's test 4 effectively con~iders discordant pairs in which only the
Ranch Hand or only the Comparison member in each pair experiences the
abnormality. Using a chi-square approximation with continuity correction,
the following statistic is used to test whether the off-diagonal entries are
evenly divided:

(lb-cl-1)'

b+c

Where b and c are the number of pairs in which only the Ranch Hand is
abnormal or only the Comparison is abnormal, respectively. This test is
compared to a chi-squared distribution with one degree of freedom.
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TAlI.3 7-4. (,'aomtiz..e)

SUMMy of Statistleal Frocefem

Test for Linear Trend

For a kx2 gontingency table In vhich the k groups fall into a natural
order, Armitage developed a test for a linear trend in the proportions. Let
P denote the proportion of individuals In the ith roy possessing some
attribute (e.g., proportion of individuals vith abnormal values at eech of
the thr' -.- exposure level categories). A score, I is assigned to each of
the k levels of the rov variable, and the regression coefficient, 1; of P. o.
Xi Is estimated. The regression coefficient is estiw..ted in the usual ray
except that PI is veighted by the sample size, n,, in oach roy. *SE('S)
provides a normal deviate for testing the null hypotheses of - 0.

0
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The preliminary analysis included the calculation of basic descriptive
measures for the dependent and independent variables (covariates), for each
group (Ranch Hand and Comparison). The descriptive measures included
frequency distributions, histograms, mean, median, standard deviation, and
range. These analyses provided an overview of each variable and the
relationship of the Ranch Hand group to the Comparison group. In addition,
the preliminary analysis provided insight for the construction of composite
variables, the plausibility of normal/abnormal limits and cutpoints, and the
choice of possible tiansformatJons to enhance the normality of the distri-
bution of continuous dependent variables.

Another purpose of the preliminary analysis was to examine the relation-
ship between the covariates and the dependent variables and the relationships
betveen esd among the covariates. To accomplish this, cross tabulations of
discrete variables were constructed and analyzed by the chi-square, or
Fisher's exact test. For continuous variables, simple t-tests of group
differences were done and product-moment correlation coefficient4 were
eomputed. The preliminary analyses were accomplished with the use of the
SASO. Selected covariate tables are presented in the clinical chapters for
iliustration.

Core analysis

The core analysis consisted of a series of steps taken to ascertain
whether or not the data indicated a significant difference between the Ranch
Hand and Comparison groups 4or each dependent variable.

both unadjusted and adjusted analyses were perf-ormed and are presented
for each clinical chapter. Unadjusted analyses are simple contrasts between
the R4a..h Hand and Comparison groups of the mean values, or proportion with
abnormal velues, of each dependent variable, by t-tests, one-way analysis of
variance, Fisher's exact test, or chi-square tests, as appropriate. Adjusted
atalyses take into account important covartates in the assessment of possible
group differences, i.e., the covariates are included in the general linear,
logistic ragressionl, proportional odds models, or log-linear models.

Continuous Dependent Variables

Then the dependent variable vms continuous, the general linear models
(GLU) procedure of SASO was i sed to tit a sodel of the dependent variable in
terms of the group indicator (Ranch Hand or Comparison) and appropriate
covariates, and interactions between covariates. The covariates could be
continuous or categorical variableb. If necessary, the dependent variable
was transformed prior to aalysis by a transformation (e.g., logarithm) to
enhance normality of its distribu•ti.on. When a "best* model was fitted,
according to the strategy outlined below, the test for significance of the
group difference was then.done on the adjusted group means, provided there
were no significant interactions between the group indicator and any of the
covariates. Group differences in the presence of interactions were assessed
using stratification by different levels of the covariate(s) involved in the
interaction or estimation of group difference3 at selected covariate levels
using the best model identified.

7-14



Pof some non-normally distributed dependent variables, the Kolmogorov-
Smirnov (K-S) test of significant differences between the distributions of
the variables in the two study groups was conducted. The K-S test is a
nonperemetric test for the equality of two distributions designed to detect
broad classes of alternatives.

Categorical Dependoant Variables

Discrete dependent variables were analysed by nethoda parallel to those
used for continuous variables. For dichotomous variables, logistic
regression was carried out by the program ODP*-LR; for this analysis, the
covariates could be either continuous or discrete. For polychotomous
dependent variables, where the number of categories was three or more,
log-linear modeling was performed by the use of the program lNDPN-4F, by
incorporating the full (k)-factor interaction term involving the (k)
covariates used in the model. For this type of analysis, all covariates had
to be categorized. The models were fitted by the method of maximum
likelihood.

To make the results parallel to those obtained by logistic regression,
i.e., because of the distinction betveln dependent and independent variables,
the marginals vere fixed in the model, effectively converting the log-linear
model into a logit model. The significance of the relative risk for group
vas determined by examination of the appropriate model, as determined by the
study, that includes all statistically significant effects and the group
indicator or by examination of the significant interactions. Adjusted
relative risks were derived from the coefficients of the appropriate model.

Modeling Strategy

In each clinical category, many covariates were considered for inclusion
in the statistical models for adjusted group contrasts. The large number of
such covariates and consequent interaction terms and the resulting difficul-
ties of interpretation forced the adoption of a strategy for identifying a
moderately simple model involving only significant effects. Interpretation
of possible group differences was then made in the context of this simple
model. A schematic representation of the generalized modeling strategy is
provided in Appendix 3.

An initial model including all two-factor interactions and all three-
factor interactions involving group was examined. C'lobal tests at the
0.15 level, or individual tests at the 0.05 level, were used to screen out:
unnecessary three-factor interactions. A hierarchical stepvise deletion
strategy was then used, eliminating effects with p>0.05 (except the'main
group effect) and retaining lower order effects if involved in higher order
interactions, to result in the simplest model. Interactions between
covariates, if significant, were retained as effects.

The analysis was carried jut by different statisticians,"and thore are
necessarily subtle differences between them in presentation and approach.
This, however, should not affect any of the final conclusions as to group
differencus. In some chapters, for instance, adjusted grouý means are
presented, and in others the differences betvwen the adjusted group means are
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presented. In each case, the same conclusion mWy be drawn since the statis-
tic of relevance is the difference between the adjusted group mean and the
associated p-value. Furthet, if an interaction of group with a continuous
covarlate ias found, two equally valid methods were used to illustrate how
the Interection was arising. One method was to categorize the continuous
covariate and describe the group differences within each (covariate-defined)
stratum. Another technique was to present group differences for several
,elected values of the covariate. Further, in the presence of small frequen-
cies of abnormalities, exposure index analyses were occasionally carried out
using only the main effects model (i.e., using group and all the zovariates
but not Including interaction terms).

It is recognized that, due to the large number of group-by-covariate
interactions examined (up to 7 per dependent variable) for some 150 vari-
ables, some of the group-by-covariate interactions judged significant at the
0.05 level may be spurious, i.e., chance occurrences and not of biological
relevance. This is analogous to the concept of Type I error for a two-sample
adjusted contrast.

Mhen several covariates are used in an adjusted analysis of the group
contrast for a single dependent variable, and each group-by-covariate
interaction is tested at the 0.05 level, the chance of finding at least one
that is statistically significant is, of course, greater than 0.05; this is
assuming that there is no group effect or group-by-covartate interaction.
)v much greater depends on the interrelatedness of the covariates and their

association with the dependent variable.

For a study of this size, vith many interrelated dependent variables
being examined, it is not known how to estimate the number of group-by-
covariate interactions that may be due to chance alone. lowever, this
frequency clearly will be more than 5 percent. It is noted that this concept
shoulO' be considered when significant group-by-covariate interactions are
intew v.eted. Further, it is Important that the sise of the p-value
associated with each group-by-covariate Interaction be carefully weighed, as
shv"'d be the pattern of the interaction findings for related dependent
%•'. *~les.

WP. AZ IUU ANALYS&S

As described in Chapter 8, the exposure index was constructed to portray
the loe 1 of dosq of the herbicide for the Ranch Rand or exposed group only.
xp•o•Ure index analyses were conducted on all dependent variables. The

objet -a of the analyses was to determine if there was a difference in the
levels of the dependent variable corresponding to the levels of the exposure
index.

The exposure index was trichotomized as high, medium, and low,
separately, for each of the three occupational groups: officer, enlisted
flyer, enlisted groundcrev. Thus, separate analyses were conducted for each
occupational cohort. Discrete dependent variables were evaluated using
log-linear and logistic regression models, treating exposure level as a
categorical variable (by means of two indicator variables) and adjusting for
covariates. For continuous dependent variablqs, a general linear model was
fit, adjusting for covariates and using two indicator variables to designate
exposure level. Contrasts between medium and low, and between high and low
exposure levels, vere also exastined. 4
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LeI :T v a NL MAILYMl

Another objective of the APES is to observe the Ranch Hand population
and the Comparison group carefully over time for the emergence, or delete-
rious rate change, of symptoms, signs, laboratory parameters, or frank
disease. This folltwup objective is not without scier ific and logistic
challenge, considering mobile populations, problems of loss to study,
changing laboratory methods and diagnostic criteria, and tie diversity of
many changing factors over a period encompassing numerous followup
examinations. The following sections describe the statistical procedures
used for both continuous and categorical longitudinal data.

Continuous Data

A repeated measurements analysis of variance procedure' was used to
analyze the variables measured on a continuous scale. The model for the
dependent variable (Y) easurem•t on the kth participant (N) in the ith
group (mi) ut the jth time (1s) is as follows:

Y Lik - I"' +01 + %11 +1, go, 1' i

The sources of variation and associated degries of freedom are given
belov:

Sz=uca Derees of Freedome

Group (Ranch Band vs. Comparison) 1
Subject/Group 2,108
Time (Baseline vs. Follovup) 1
Group-by-Time 1
(Subj•ct-by-Time)/Croup 2,106

*Based on 971 Ranch Bands and 1,139 Comparisons.

The primary source of interest is the Sroup-by-time interaction (a4j).
With measurements on each participant at only tvo times (Baseline and
follovup), a test on this interLction is equivalwdt to a test on the equality
of mean differences (Baselibe minus fellovup) between the Ranch H3nd and
Comparison groups.

Care must be taken in the interpretation of the main effect, time (0)
(i.e., overall Baseline mean versus overall follovup mean). This effect is
totally confeunded with laboratory differences, and with over 2,000 partici-
pants, "significant differences', come easily.

The source of variation due to group ( ) reflects a difference betveen
the overall Ranch Hand and Comparison meanslaveraged over both times). This
source should complement the group difference findings at Baseline and at

0

7-17



follovup, provided the group changes vere conbistent (no significant group-
by-time Interaction). All available participeants were used at each Baseline
and follovup analysis, while only the participants vith both measurements are
included in the repeated measurement analysis.

Covariates were not used in these analyses. Geternlly, time-independent
(e.g., year of birth) and time-dependent (e.., smoking) covariates can be
used. Only the time-dependent covariates would affect the primary source of
interest, namely the group-by-tim interaction. Neace, all of the previously
considered time-independent covartates would affect only the main group
effect, a source not of primary interest since it is being considered in the
separate cross-nectional analyses.

Categorical Data

Frequently, data were collected as normal-abnormal, or continuous
measurements were discret'.zed into this binomial response. For each Ranch
Eand and Comparison group, a Baseline versus follovup 2x2 (normal-abnormal)
table of frequencies was prepared (paired data):

Followup
Uanch Hand Compari son

Abnormal Normal ibnormal Normal

Abnormal orAbnormalI
Baseline

Norima N~ormalli

As vitb the McNemar test, only the Abnormal-NWormal and NorMnl-QjMbor1al
off-diagonal data were used in further contrasts. A conventioea~l test was
used to test the null hypothesis of a comparable change patterv for the two
groups (unpaired data).

Change Pattern
Normal- Abnormal-
Abnormal Normal

Ranch Band
Group

Comparison x I

This test is equivalent to Jtsting no group-by-time-by-endpoint interaction
in a matched pair analysis.
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This chapter describes the development of the exposure Index of the
AIES. Portions of this chapter are paraphrased from the Baseline Morbidity

RepIort, 24 February 1964.
An Incrmwse incidence of adverse health if fects at higher levels of

exposure represents a classic Increasing dose-response relationship. The
potential relationshi? of clinical endpoints with herbicide exposure can be
testedI uslag an estimate of exposure, hereinafter called an exposure index,
for each aomber of the Ranch Band cohort of the APES. However, due to a
variety of biomiedical mechanivaii there can be exceptions to the hypothesis
,A a consistently Increasing doese-esponse relationship.

An Index of potential exposure to any of four TCOD-containing herbicides
from fixed-wing spray missions van constructed for each Ranch Napd fros the
available historical data. The Index serves as an estimate only, since the
actual concentration of TVDD in the herbicides veiled from lot to lot and
individual assessments of actual body burden cannot be made. The four TCDD-
containing herbicides used In the development of the Index are Herbicide

* (irange, Eerbicid* Purple, Herbicide Pink, and Nerbicide Green. The exposure
Index vas designed t~o uorrelae% as closely as pessible with exposure and Is
not an exact measurok of actual Individual expcure. Although the index con-
tains error* vAmu used to assess the erposure of a specific individual, it
provides sow* degree of useful Inference for groups of similarly exposed
individuals. In sunaryp the exposure Index In the AIRS is a surrogate
indicator of TCDO exposure.

The exposure Index developed for the Baseline study and used In this
report~ is defirted In Table 8-1.

The exposure Index for the Ith subject, denoted I , is defined an the
product of the TCW weighting factor, the gallons of T&Xe-containing
herbicide sprayed in the Republic of Vietnam theater during the tour of the
ith subJect, and the inverse of the number of men sharing the subject's
duties during the tour of the ith subject. Bach of these factors Is
detscribed Weow.

The TCVD weighting factor reflects the estimated relative cctncentration
of TCDO In the herbicides sprayei. The estimated mean concentrations of TCDD
In Herbicide Crange, Herbicide Purple, lerbicide Pink, end Herbicide Green
are 2 parts per million (ppm), 33 ppm, 66 ppm, and 66 ppm, respectively.
Archived samples of Herbicide Purple indicate a mean concentration of
approximately 33 pp., and samples of Herbicide Orange had a smea concen-
tration of about 2 ppm. Since Herbicide Pink and Herbicide Green contained
twice as much 2t,45-T as Herbicide Purple, the moan concentration of TCDO in
these two herbicides vas approximately 66 ppm. Based on procurement. records

*and dissemination information, a combination of Herbicide Green, Herbicide
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TAILI 8-1.

Algorithm for Exposure Index

llons of TCDO- 0 1
~CDContaining Herbicide Number of Men with Subject's

a Wighting x lSprayed in the RVN x Duties in the RVN Theater During
ractor ) Theater During the I the Tour of the ith Subject J

ITour of the ith Subjecti

where E, - Exposure Index for the ith Subject

24.0 if before 1 July 1965
TCDD Weighting Factor - 1.0 if on or after 1 July 1965

Since prior to 1 July 1965 a combination of Herbicides Green, Pink, and
Purple with a man concentration of 48.0 ppa was sprayed, and after
1 July 1965 only Herbicide Orange with a mean concentration of 2 ppm ves
sprayed, the ratio is then 48:2 or 24:1.

Gallons of TCDb-Contaening bar of Gallons of Herbicides Orange,Herbicide Sprayed in the Green, Pink, and Purple Expressed in
RVN Theater During the Herbicide Orange Equivalent Gallons
Tour of the ith Subject l ased on Mean Concentration of TCDD 4

Using the following:

Mean Concentration (ppm)
Herbicide of TCDO

Green 66
Orange 2
Pink 66
Purple 33

Number of Men with Subject's i t •umber of Personnel
Duties in the RVN Theater During• =in the Same
the Tour of the ith Subject ) COccupational Category

Source: baseline Morbidity Report, 24 February 1984.
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Pink, and Herbicide Purple was sprayed between January 1962 and 1965. The
estimated mean concentration of TCDD for this time vas 48.0 ppe, usl..g
available data on the namber of gallons procured and sprayed.

The Herbs Tape and other data sources' indicate that only Herbicide
Orange vas disseminated after 1 July 1965. Normalizing to Herbicide Orange,
the weighting factor become* 24.0 before I July 1965 and 1.0 after
1 July 1965.

Using the Eerbs Tape, Contemporary Historical Evaluation and Combat
Operations (CHICO) Reports, and quarterly operations reports, a table of
gallons of TCDD-containing herbicide sprayed for each month of t0 operation
was constructed. Gallons of Herbicides Purple, Pink, and Green were
converted to Herbicide Orange equivalent gallons based on the TCDD weighting
factor of 24.0. This information is provided in Table 1-I of Appendix P.

The dates and occupational category of each Ranch Hand's tour(s) in the
Republic of Vietnam were obtained by a manual review of military records.
The study design specified five occupational categories: (1) officer-pilot,
(2) officer-navigator, (3) officer-nonflying, (4) enlisted flyer, and (5)
enlisted groundcrev. Based on the review of the records, the Ranch Han'
manning for each occupational category by month was compiled. This
information is also presented in Table F-1 of Appendix F.

A numeric exposure index reflecting the effective number of gallons of
Herbicide Orange to which each individual was potentially exposed wan com-
puted. For the purpose of analysis, the values were categorized as high,
medium, or I1v for each occupational category. Only three occupational

S catego•i-en were used. The three officer categories were combined into one
since pilots and navigators were exposed in the same manner and the officer-
nonflying category, which included a relatively small number of participants,
consisted of administrators whose exposure was considered to be essentially
zero. The overall group of "nonexposed* Ranch Bands, estimated at
approximately 2 percent of the Ranch Hand group, was analyzed in the low
exposure category (see Table 8-2), conceivably leading to dilution of the
exposure analyses and group contrasts. The exposure index categorizations
developed for the Baseline study and used in this report are provided in
Table 8-2, along with the frequencies of Ranch Band participants by
occupation and exposure level.

The current exposure index is not specific to job and, therefore, say
underestimate exposure for those individuals whose jobs required routine
handling of herbicide. For example, maintenance schedules for the aircraft
herbicide spray tank required that an emergency dump valve be periodicrally
greased, requiring entry into the tank. The current exposure index cannot
distinguish between men who rQceived such exposure and men who did not. The
extent to which individuals are misclassified by the current exposure index
is not known, precluding bias calculations at this time.

Because of the acknowledged imprecision of the exposure index, Air Force
efforts are under way to develop, now perspectives of exposure. One effort is
the construction of a new questionnaire for the 459 enlisted groundcrev per-
sonnel that may permit more accurate exposure analyses within this category.
Another approach is the measurement of serum dioxin levels.
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TANLS 8-2.

Exposure Index Cateqoriation of
1,016 rompliant Ranch Hands

Effective
Herbicide Orange Number of Ranch Hand

Exposure Gallons Corresponding Participants
Occupational Group Category to Exposure Category in Exposure Category

Officer Lov <35,000 127
Medium 35,U00-70,000 130
High >70,000 123

Enlisted Flyer Low <50,000 55
Medium 50,U00-85,000 65
High >85,000 57

Enlisted Croundcrew Low <20,000 154
Medium 20,lO0-27,000 163
High >27,000 142

Total 1,016

The Air Force currently is conducting a pilot study in conjunction vita
the laboratories of the Centers for Disease Contrcl, Atlanta, Georgia, to
determine levels of TCDD in serum and to establish the validity of exposure
differential within the Ranch Hand and Comparison groups. This study is in
accordance with the Study Protocol commitment to estimate dosage of TCDD as
accurately as current tedhology permits. If successful, use of time-
adjusted TCDD levels would permit more accurate exposure analyses within the
Ranch Hand group. Perhaps of most importance, accurate TCDD levels within
the Ranch Hand group could standardize exposure to a comparable baseline for
all participants. Thus, the use of adjusted TCDD levels will place the
exposurc. concepts on a firm scientific basis, and if herbicide effects exist,
they can be discerned more accurately.
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GZNAL R9ALTH

PRTODUCTIO

The effects of heavy, acute exposure to TCDD have been demonstrated in e
number of different organ systems. It is plausible, therefore, that chronic
lov-dose exposure to TCDD might induce subtle, interrelated effects that are
r: organ-system specific, but are manifest only in general terms, or affect
the state of "vell-being." Hovever, it is difficult to measure overall
health objectively, and for this reason general health outcomes, as defined
by this study, should be judged in context vith other more specific clinical
endpoints. (It should be noted that "general health" outcomes have not
traditionally been considered in other dioxin morbidity studies.)

Baseline Snmry Resultai

Five general health variables vere included in the Baseline examination:
self-perception of health, appearance of illness or distress, relative age,

* sedimentation rate, and parcent body fat. In the analysis of the 1982 Base-
line examination da'a, a statistically significant difference vas found
betvaen the Ranch Hand and Comparison groups in self-perception of health,
vith a greater percentage of Ranch Hands reporting their health as fair or
poor than Comparisons. This was true in both the younger and older age
groups (p=0.017 and p.C 025 for individuals 40 or less and more than 40 years
of age, respectively). The relative risk of the Ranch Hand group vas also
somevhat greater in the younger subgroup than in the older subgroup (1.8 and
1.4, respectively). Since only 9 of 1,811 individuals vere reported by the
examining physician as appearing ill or distressed, this designation vas
apparently reserved for only very ill or distressed individuals. Neverthe-
less, 8 of the 9 individuals were Ranch Hands, the difference being of
borderline significance (p.0.056). Conversely, more Ranch Hands than
Comparisons vere reported by the examiners a, appearing younger than their
actual ages (4.9% versus 2.5Z, p-0.029). No overall differences in percent
body fat or sedimentation rate vere found, although a significant interaction
betveen age, group, and sedimentation rate vas noted; younger exprsad group
members had fevo.r sedimentation rate abnormalities than did their Compari-
sons, whereas no difference vas found in participants more than
40 years old. No statistically significant dose-response relationships vere
detected in the Ranch Hand griup.

Parameters of the 1985 General Health Assessment

Variables of the Bseline examination (self-perception of health,
appearance of illness or distress, relative age, medimentation rate, and

* percent body fat) vere analyzed for the third year follovup effort.
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As an assessment of the general health status of each individual, three
subjective measures were eade as well as two more objective measures. During
the health interview each study participant was asked, "Compared to other
people your aige, would you say that your health is excellent, good, fair, or
poor?" This self-assessment of health is susceptible to varying degrees of
conscious and subconscious bits. The examiner recorded the appearance of
illness or distress (yes/no) and noted the appearance of the subject as
younger than, older than, or the same as his stated age. To the degree that
the exmining physicians vere kept blind to the study subject's group member-
ship (Ranch Hand, Comparison), their assessments vere less subject to bias.

The two objective measures were percent body fat, calculated from the
body mass index, and the erythrocyte sedimentation rate. Although both
variables are rather indirect measures of the general state of health, they
are accepted indicators of poor health.

The adjusted 3tatistical analyses below accounted for differences asso-
ciated with age, race, and occupation. In the analysis of self-perception of
health and sedimentation rate, adjustment was aio lade for personality
score, determined from the Jenkins Activity Survey. This is a continuous
variable derived by means of a discriminant-function equation based on items
that best discriminate men judged to be Type A from those judged as Type B.
Positive scores reflected the Type A dVrection and negative scores the Type B
direction. Table G-1 of Appendix G gives the distribution of the covariates
in the Ranch Hand and Comparison groups. Age, race, and occupation were
distributed similarly in the two groups (due to matching), and personality
scores were also not significantly different.

Aside from the subjective nature and potential bias in the self-reported
perception of health, no specific issues related to assessment methodology
require further comment. No individuals were excluded from analysis, except
those with missing data.

Chi-square tests and logistic regression models were applied to the
categorical data. The sedimentation rate was normalized by logarithmic
transformation. The proportional odds model was also used for ordinl data
provided by the self-perception of health and relative age variables.
Fisher's exact test was applied to the reporting of illness or distress by
the examining physician because of the small number of cases who were
classified as "ill." A two-sample t-test was used to assess differences in
unadjusted group means, followed by multiple regression analysis to
incorporate covariates, for percent body fat and sedimentation rate.

RESULTS AND DISCUSSION

SJbjective Assessments

Self-Perception of Health

Each participant was asked to designate his health as excellent, good,
fair, or poor. The frequ.ncy distributions of self-perception of health for
each cohort are given in Table 9-1.
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TADI 9-1.

9MOdJte Amalysis for Self-Perceptionof Seath by Group

Self-Ferception of Health

Axeellent Good Fair Poor

Group Number Percent Number Percent Number Percent Number Percenr Total

Ranch Hand 490 48.2 434 42.7 74 7.3 18 1.8 1,016

Comparison 674 52.1 525 40.6 81 6.3 13 1.0 1,293

p.0.14

The summarized data in Table 9-1 show that a higher percentage of Ranch
Hands perceived their health to be fair or poor (9.1Z) than the Comparisons
(7.3Z), although this difference vas not statistically significant (Est. 3R:
1.25, 952 C.I.: 10.95,1.641, p-0.14). Of tonsiderable interest is that the

* percentage of both groups perceiving their health as only fair or poor vas
lover than that reported at the Baseline examination 3 yeaxs earlier (20.42
and 15.9Z for Ranch Hands and Comparisons, respectively). This shift yas the
opposite of that expected from an aging effect. The data collection tech-
nique vas an in-home intervic- in 1982 versus an onsite clinic interview in
1985, but this vas not judged to be the likely cause of the improvement in
health perceptions for the 3-year period. Vhatever the cause, the effects
vere similar in both groups.

A test of association betveon health perception (dichotomized an
excellent/Sood and fair/poor) van performed with the covariates of a9: (born
in or after 1942, born before 1942), race, occupation, and personality score
(Jenkins score, trichotomizod as low [less than -5), medium [bvtveen -5 and
51, and high [greater than 51). These associations were examined both vithin
the Ranch Hand and Comparison groups and pooled over the two group&. The
findings v*Le similar, and Table 9-2 shows the results after pooling.

These results indicat'd a sJgnificant effect of age, with a higher per-
centaie of the older cohort than the younger cohort reporting their health as
fair or poor, as yell as a significant effect of occupation, with the per-
centace of enlisted personnel reporting fair or poor health uearly tvice that
of the officers. No significant associations vere noted for race or person-
ality score.
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TANA 9-2.

Assoc.iation Not Self-?ettsptie of Bmmtb end
Age, lace, Occupation, and Permsality Score in the

Combiaed Beach Read and CompsrIson Group

Self-Perception of Health

Excellent/Good Fair/Poor
Covariate

Covariate Category Number Percent Number Percent Total p-Value

Age Born .1942 903 94.0 58 6.0 961 0.003
Born <1942 1,220 90.5 128 9.5 1,348

Race Black 130 90.9 13 9.1 143 0.76
Nonblach 1,993 92.0 173 8.0 2,166

Occupation Officer 819 94.8 45 5.2 864
Enlisted
flyer 347 89.7 40 10.3 387 <0.001

Enlisted
Groundcrev 957 90.4 101 9.6 1,056

Person- Lov 827 92.2 70 7.8 897
ality Nedium 716 91.2 69 8.8 785 0.61
Score High 373 92.646 7.4 619

9
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Adjuited analyses of self-perception of health vere done by logistic
regression using the covariates of age, race, occupation, and personality
type. (Self-perception of health was dichotomized and the covariates
categorized as in Table 9-2.) Thes analyses revealed statistically
significant age and occupation effects, as vell as a significant group-by-
occupation interaction (p-0.015). Exponentiation of linear combinations of
relevant regression coefficients generated adjusted relative risks for each
occupational stratum. These umeary data are presented in Table 9-3.

TANLE 9-3.

Adjusted Relative Risks of Self-Perception
of Health by Occupation

Adj. Relative
Occupation kisk (95X C.I.) p-Value

Officer 0.78 (0.42,1.46) 0.41

Enlisted Flyer 0.75 (0.38,1.46) 0.395

Enlisted Groundcrev 1.90 (1.25,2.88) 0.003

These analyses shoved significant group differences in the self-
perception of health for the enlisted grotmdcrev category but not for the
officers or enlisted flyers. This is perhaps more clearly seen in Table 9-4,
vhich gives the frequency distribution of self-perception of health
stratified by occupation.

Among officers and enlisted flyers, a lover percentage of Ranch awds
than Comparisons perceived their health as fair or poor. (These same Ranch
Hands were also less likely to viev their health as excellent.) In the
enlisted groundcrev cohort, 12.7 percent of the lanch laes reforted their
health as fair or poor versus 7.2 percent of the Comparisoms.

Because the logistic model does not account for the ordinal nature of
the self-perception of health variable, a proportional odds model fur ordinal
responses vas also fit to the data in Tables 9-1 and 9-4.

For the ordinal responses in Table 9-1, the proportional odds model
yielded a statistically signifimnt result (p.0.037), vith poorer health
estimated to be 1.18 times greater in the Ranch Hand group than in the
Comparison group (95% C.I.: [1.01,1.391). For the data in Table 9-4, a
proportional odds model fit to each occupational stratum (adjusting for age)
yielded p-values of 0.65 for officers, 0.43 for enlisted flyers, and 0.031 for
enlisted groundcrev. Thus, oaly the enlisted groundcrev category reached

* statistical significance, vith adjusted proportional odds of 1.30 (95Z C.I.:
[1.02,1.641).
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TANS 9L-4.

F2equqoWSef -81fecetlea of Nemth

by Occupetensid Group

Self-Perception of Health

Excellent Good Fair Poor

Occupation Number Percent Number Percent Number Percent Number Per'cent Total

Officer
Ranch Hand 238 62.6 124 32.6 13 3.4 5 1.3 380
Comparison 314 64.9 143 29.6. 23 4.8 4 0.8 484

Enlisted
Flyer

Ranch Band 67 37.8 94 53.1 13 7.3 3 1.7 177
Comparison 94 44.8 92 43.8 19 9.0 5 2.4 210

Enlisted
Groundcrev

Ranch land 185 40.3 216 47.1 48 10.5 10 2.2 459
Comparison 266 "A.4 290 48.4 39 6.5 4 0.7 599

Similar results vere obtained vhen the analyses vere performed on the
1,016 Ranch Bands And 955 Original Comparlions completing the third-year
health interviev. These results are provided in Table G-2 of Appendix G. In
the unadjusted analysis, the estimated relative risk for fair or poor health
versus excellent or ;ood health reached statistical significance (ast. ni:
1.43, 951 C.X,: [1 13,2.001, p.0.042). In the adjusted analysis, group
mebership, Wge. i occupation effects vere all statistically significant
vith an adjusteu relative risk of 1.48 -95Z C.I.: 11.05,2.071). The group-
by-occupation interaction, hovever, did not reach statistical significance
(pI0.23). Nevertheless, little difference was seen in the officers and
enlisted flyers, vhereas among the enlisted groundcrev, 12.7 percent of the
Ranch Hands versus 7.4 percent of the Original Comparisons reported their
health as fair or poor.

Contrasts of the Ranch Hand and Original Comparison groups using the
proportional odds model yielded only borderline significant results. For the
unadjusted analyui- appo" to the overall data, the estimated proportional.
odds vere 1..- . C,- .0.99,1.39], p-0.0 7 3). Stratifying by occupation
and adjusting for age ive p-values of 0.76, 0.11, and 0.078 for the offi-
cers, enlisted flyers, and enlirted groundcrev, respectively. The adjusted
proportional odds in the enlisted groundcrev cohort vere 1.26 (95% C.I.:
10.97,1.621).
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nl ooerneI of Illme. or Digttw

The recording of the appearance of acute ill heesith or phbwsical distress
at the examination was intended to capture significant subjective health data
that might (though not likely) escape corroboratitn by other physical exam-
ination or laboratory data. In particular, examining physicians vers
requested to affirm the presence of acute distress vhen the sign of hippo-
cratic facies vas present, a sign not easily feigned by participantp. Very
few participants vere diagnosed as being acutely ill; thbtse data are
sumearised in Table 9-5.

TAMZ 9-5.

Vmw4Justed A=alysis for £ppaare of
Acute IllMeus or Distress by Gr-*

Acute Illness or Distress

Teo No

Group Number Percent Number Percent Total p-Value*

4Ranch H 4 0.4 1,010 99.6 1,014
S0.53

Comparison 6 0.5 1,287 99.5 1,293

*Pisherls exact test, 1-sided.

These data vere too sparse to permit further meaningful anaymw.
Descriptively, it vas noted that 9 of the 10 Ill individuals vere in the
older age group; 9 of 10 vere nowblack; and 2 vere officers, 4 vere enlisted
flyers, and 4 vere enlisted groundcrev. The 6 ill Comparison individuals
vord all Original Comparisons, as can be seen in Table Q-3 of Appendix G.

Further, these results vere In substantial contrast to the oaselime
findings that revealed a marginally significant excess (p.0.056) of acute
distress among the Ranch Hands.

A•-enme of Relative Age

The examining physicians stored each participant as appearing yourger,
older, or the same as his chronological age. These lata are presented in
Table 9-6.
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TADLI 94.

UMdUated Analysis for wpearince of
15lative Age by cow

Atsmrancot of Relative Ang

Younger Same Older

Group Number Percent Number• Percent Number Percent Total p-Value

R9anch Hand 16 1.6 957 94.3 42 4.1 1,01'
0.12

CoanLi son 9 0.7 1,233 95.4 51 3.9 1,293

These frequency distributions shoved that a slightly higher percentage
of Ranch Hands than Comarisons appeared younger than their stated age, and
almost equivalent percentages in both groups appeared older. Overall, there
was no significant difference in the two distributions. The unadjusted
findings in Table 9-6, bovevar, did not confirm the significant tendency
(p-0.029) at the 1962 laseilne examination for a higher percentage of the
Ranch Hands than Comparisons to appear younger than their stated ages.
Table 9-7 pcemsts the association between each of the covariates and
relative age (diwhotomixed as older looking versus the same or younga.
looking) ftfet- combining the Ranch Ban: end Comparison groups.

As noted from this table, ag and race were not significantly associated
with the appearenct of relative age, vhereas occupation did reveal a sinif-
icant association, with about 6 percent of the enlisted personnel appearl.'i
older than their stated gags coapared to 1 percent of the officers.

An adjusted analysis using logistic regression with the ccvarietes age,
race, and occupation shoved a significant effect due to occupation as well as
a significant group-by-occupation interaction (p=0.038). Adjusted relative
risks for each occupational stratum are gii7en in Table 9-8.

The adjusted relative risk was greater than 1 for the officers, i.e.,
the odds of appearing older were greater in the Ranch Hand group than in the
Comparison group, but the relative risk was less than 1 for the enlisted
flyers. However, the associated confidence intervals vere rather broad and
did not rule out a relative risk of I In each case. Again, because the
logistic regression model does not account for the ordinal nature of the
dependent variable, a proportional odds model was applied to the enlisted
flyer cohort (data in the officer and enlisted groundcrev strata did not fit
the model properly). The estimated proportional odds for the enliate flyer
cohort vere nonsignificant (*stimated odds: 0.49, 95% C.I.: (0.22,1.11],
p.0.087).
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TANAL 9-7.

moiatien Be "a I am of Relative Ag@ and Moe,
Rae, Ad Oecupation In the Combined

Raanch Mad and Aoomluo Growp

A#poarance of Relativge ,_

Younger/Sawe older
Covariate

Covarlate Category Number Percent Number Percent To al p-Value

Age Born .1942 914 )5.2 46 4.8 960 0.14
Born <1942 1,301 96.5 47 3.5 1,348

Race Black 138 96.5 5 3.5 143 0.91
Noublack 2,077 95.9 88 4.1 2,165

Occupation Officer 855 99.0 9 1.0 864
tnlisted 362 93.5 25 6.5 387 <0.001
Flyer

Rnlisted 99" 94.4 59 5.6 1,057
Groundcrev

TAMI 98

Adjusted lalttve Risks of pemaance of
Relative Age by Occupatica

Adj. Relative
Occupation Risk (95g C.I.) p-Value

Officer 4.52 (0.94,21.9) 0.060

Enlisted Flyer 0.44 (0.23,1.27) 0.159

Enlisted Groundcrev 1.05 (0.62,1.78) 0.849
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A contrast of the Mach Hand group with the Original Comparisons gave
similar results, an shown in Table G-4 of Appendix 0. Overall, there was
little difference, but the group-by-occupttion interaction vas of borderline
significance in the adjusted analysis (p.0.052). Differences were largely
confined to the enlisted flyers, where fever Rach lands than Comparisons
appeared older than their stated ages (Adj. Uis 0.47, 95X C.I.: [0.20,1.121,
p-0.069) (see Table G-5 of Appendix G). A proportional odds model applied to
the enlisted flyer stratum gave adjusted proportional odds of 0.45 (952 C.I.s
10.20,1.021, p-0.055).

"OlJective tssessmts

Two objective but nonspecific indicators of general health, the eryth-
rocyte sedimentation rate and percent body fat, were analysed in both
discrete and continuous forms. Because the sedimentation rate was a highly
skewed variable, it was normalized by logarithmic transformation for the
continuous analyses. The sedimentation rate dichotomy was set at 20 mm/hr or
less (normal) and greater than 20 me/hr (abnormal) by the large-tube Vaster-
Cprn method. Percent body fat was based on height and weight obtained during
the examination and vas calculated accorfing to the following formula:
Percent Body Pat - (Veight[it]/Height[m] )(1.264) - 13.305. It is recognized
that this formula will overstate the percent body fat for very muscular,
large-boned man. Percent body fat was trichotomized into less than 10 percent
(lean), 10 to 25 percent (normal), and greater than 25 percent (obese), con-
sistent with the Baseline Report. Because of the sparseness of the lean
category, it was often necessary to use a dichotomous variable of loan-normal
versus obese.

£rythrocyte Sedimentation late

The unadjusted contrast of log sedimentation rate anmms revealed no
significant group differeaces (meantSu-1.620*0.026 in the Ranch land group
versus 1.595*0.021 in tfie Comparison group, t=0.73, p-0.47). The geometric
mean values were 5.0W sid 4.93 for the Ranch Band and Comparison groups,
respectively. Tests of association of dichotomized sedimentation rate, vith
the covariates age, race, occupation, and personality score, pooled over both
groups, were conducted; these sumearized data are shown in Table 9-9.

These results showed significant effects of age, with older individuals
having a higher frequency of abnormal sedimentation rates than younger
individuals, and a significant effect of personality score, with Type B
individuals (low personality score) having more sedimentation rate
abnormalities. The effect of occupation was of borderline significance
(pO0-060), with a slightly higher percentage of abnormol values asnorna the
enlisted flyers than among officers or enlisted grounacrev. There was no
evidence of any association between race and abnormal sedimentation rate.

An analysis of the log sedimentation rate, adjusting for age, race,
occupation, and personality score, detected significant effects for all of
the #novariates except race, as well as a significant age-by-personality score
interaction. As in the unadjusted analysis, the adjusted analysis did not
reveal any significant difference between the Ranch Hand and Comparison
groups (pO.412).
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Sao TANLS 9-9.

Asciatinlet Sedimentation late and
Agel, ace, Occupation, and Personality $core In the

Cobined Ranch Hand and C ism Groups

Sedimentation Rate

Normal Abnormal
•20uw/hr >20mm/hr

Covariat-
Covarlate Category Number Percent Wimber Percent Total p-Value

A"e Born k1942 941 97.9 20 2.1 961 <0.001
Born <1942 1,263 93.7 85 6.3 1,348

Race Black 136 95.1 7 4.9 143 0.999
Noublack 2,060 95.5 98 4.5 2,166

Occutpa- Officer 828 95.8 36 4.2 864
tion gnlisted 361 93.3 26 6.7 387 0.080

Flyer
Enlisted 1,015 95.9 43 4.1 1,058

Groumderev

Person- Lov 843 94.0 54 6.0 897
ality Hedium 758 96.6 27 3.4 785 0.026
Score Nigh 595 96.1 24 3.9 619
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However, in the dichotomous form, sedimentation rate abnormalities were
significantly more prevalent in the Ranch Hands than Comparisons (gat. RR:
1.63, 95% C.I.: [1.12,2.38], p-O.O13); thise results are given in Table 9-10.

Logistic regression analysis found signi2icant effects for age and
personality score, and the adjusted relative risk of 1.68 (95% C.I.:
[1.13,2.491, p-0.011), was very similar to the estimated relative risk
of 1.63.

TABIZ 9-10.

Unadjusted Analysis for
Sedimentation Rate by Group'

Sedimentation Rate

Normal Abnormal
r20 nm/hr >20 mm/hr

Group Number Percent Number Percent Total p-Value

Ranch Hand 957 94.2 59 5.8 1,016
0.013

Comparison 1,247 96.4 46 3.6 1,293

The mean log sedimentation rate in the Original Comparisons was
1.636 plus or minus 0.025, not significantly different from the Ranch Hand
mean (tu-O.45, p=0.65). The regression analysis yielded results very similar
to those reported above, with little difference in the adjusted group means.
Logistic regression analyses also gave similar results, with significantly
sore abnormalities in the Ranch Hand group (p=0.037).

In summn.y, there was no difference between groups based upon mean
values of the sedimontation rate, unadjusted or adjusted, but both unadjusted
and adjusted discrete analyses shoved a significantly higher prevalence of
sedimentation rate abnormalities in the Ranch Hand group. This finding was
opposite to the Baseline findings in which Ranch Hands age 40 or less had
significantly fever sedimentation rate abnormalities than Comparisons, with
no group difference in individuals over the age of 40.

Percent Body Fat

The mean percent body fat of Ranch Hands was significantly lover than
that of Comparisons (21.102±0.15 versus 21.54Z+0.14, respectively; p"0.037).
Because there nere only a fe4 values in the lean category (6 in the Ronch
Hand group and 4 in the Comparison group), percent body fat (6s dichotomized
into at most 25 percent (lean and normal) and more than 25 percent (obese)
for tests of association between percent body fat and the covariates age,
race, and occupation. The results are given in Table 9-11.
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TABLE 9-11.

Association Between Percent Body Fat and Age,
Race, and Occupation in the Combined Ranch Rand

and Comparison Groups

Percent Body Fat

Lean/Normal Obese
<25Z >25%

Covariate
Covariate Category Number Percent Number Percent lotal p-Value

Age Born ý1942 802 83.4 159 16.6 961 0.005
Born <1942 1,060 78.7 287 21.3 1,347

Race Black 110 76.9 33 23.1 143 0.29
Nonblack 1,752 80.9 413 19.1 2,165

Occupation Officer 719 83.3 144 16.7 863
Enlisted 314 81.1 73 18.9 387 0.023
Flyer

Enlisted 829 78.4 229 21.6 1,058
Groundcrev

These data demonstrated the significant effects of age, with a higher
percentage of obesity in older men, and occupation, with a higher prevalence
of obesity in enlisted personnel than in officers. Race was a noncontribu-
tory covariate. The covariate of smoking was unexplored.

An adjusted analysis of percent body fat, with the same covariates, also
shoved the significant effects of age, occupation, and an age-by-occupation
interaction. The adjusted results shoved a small, but significantly lower
mean level of body fat in the Ranch Hand group (adjusted difference.-0.443±
0.210, p-0.035).

With percent body fat dichotomized into obese versus normal or lean, the
petcent obese was lover in the Ranch Hands than in the Comparisons (18.2Z
versus 20.2Z), but the difference was not significant (Rat. RR: 0.90,
95Z C.I.: [0.71;1.08], p-0.25). Logistic regression analysis also failed to
detect a significant group difference (Adj RR: 0.87, 95% C.I.: [0.71,1.08],
p-0.204).

Analysis of percent body fat in the Ranch Hands and Original Ccoparisons
gave somewhat different results. The overall difference in means was signif-
icant as before: 21.10 plus or minus 0.15 in the Ranch Hand group versus
21.58 plus or minus 0.16 in the Original Comparison group (t.-2.15, p=0.032).
However, the regression analysis detected a statistically significant group-
by-race interaction (p.0.041). The adjusted difference in mean percent body
fat (Ranch Hand versus Comparison) was greater in Black participants (-2.26%)
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than in nonblack participants (-0.34Z). Of the Original Comparisons
(Table G-7 of Appendix C), 20.4 percent were obese, greater thar, but not
significantly different from, the percent obese in the Ranch Hand group
(p-0.230). Logistic regreasion analyses again detected significant age and
occupation effects, but it detected no significant interaction between these
variables. There ves no strong evidence of a group-by-race interaction
(models including all two-factor interactions gave a Z-value of 1.19 for the
group-by-race interaction). The group effect was not statistically signifi-
cant (Adj. RR: 0.87, 951 C.I.: [0.70,1.09], p-0.242).

In summary, the unadjusted and adjusted tests of mean percent body fat
showed a significantly lover value for Ranch Hands; correspondingly fever
Ranch Hands than Comparisons were obese, although this difference was not
statistically significant. Few individuals were lean (less than 10 percent
body fat). The 1982 Baseline examination found no difference in group means
(p.0.67), or proportion of abnormalities (p-0.8 9 ). Further, analyses based
solely upon the Original Comparison cohort found the di-ference in mean
percent body fat between the Ranch Hand and Comparison groups to be greater
in Blacks than nonblacks.

EMPOSURE IMi ANALYSES

The exposure index, expressed in equivalent gallons of dioxin-containing
herbicide potentially encountered by each Ranch Hand during his tour of duty
in Vietnam, was categorized as low, medium, and high. Because it is not
possible to assess the relative exposure betveen occupational groups, and
since different cutoff values were used in the three occupational categories,
separate analysev, were performed within each occupational cohort. A detailed
description of the exposure index is found in Chapter 8. Exposure analyses
were performed on four of the five general health variables. Only four Ranch
Hands were recorded as appearing ill or disLressed (two were officers, both
in the low-exposure category, and two were enlisted flyers, both in the
high-exposure category). Further analysis was not done on this variable.

Self-Perception of Health

Table 9-12 presents dichotomized self-perception of health data by
exposure level for the 1,016 Ranch Hands. While these unadjusted contrasts
did not reach statistical significance within any of the occupational otrata,
the linear trend from low to high exposure in the officer cohort of the
fair/poor category was of interest, and was subjected to further testing.
Although the numbers were small at each exposure level, a test for linear
trend led to a borderline significant increase of 2.5 plus or minus 1.3
percent per unit (step) increase in the exposure level category (p.0.064).

Logistic regression analyses adjusted for age (dichotomized), race, and
personality score (trichotomized) did not detect any significant exposure
level effects. The only significant covariate effect found ras for age in
the enlisted groundcrew cohort. The adjusted relative risk for each
occupational stratum is given in Table 9-13.
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TABLE 9-12.

Undjusted Exposure Index Analysis of
Self-Perception of Health by Occupatior

Self-Perception of Health

Excellent/Good Fair/Poor
Exposure

Occupation Index Number Percent Number Percent Total p-Value*

Officer Low 124 97.6 3 2.4 127
Medium -24 95.4 6 4.6 130 0.17
High 114 9 7.3 123

Enlisted Low 51 92.7 4 7.3 55
Flyer Medium 59 90.8 6 9.2 65 0.83

High 51 89.5 6 10.5 57

Enlisted Low 134 87.0 20 13.0 154
Groundcrev Medium 146 89.6 17 10.4 163 0.51

High 121 85.2 21 14.8 142

* *Chi-square tests, 2 d.f.

TABIX 9-13.

Adjusted Relative Risk of Self-Perception .)f Healtb
by Occupation and Exposure Contrast

Exposure Adj. Relative
Occupation Contrast Risk (95% C.I.) p-Value

Officer Medium vs. Lov 2.00 (0.49,8.15) 0.334
High vs. Low 2.93 (0.76,11.3) 0.119

Enlisted Flyer Medium vs. Lov 1.30 (0.35,4.86) 0.700
High vs. Low 1.50 (0.40,5.64) 0.549

Enlisted
Groundcrev Medium vs. Low 0.95 (0.47,1.92) 0.882

High vo. Low 1.21 (0.62,2.35) 0.580

9'-15



AppMeance of Relative Age

The dichotomy of appearance of relative age was assessed for expoaure
effects in each occupational cohort. These unadjusted analyses, shown in
Table 9-14, provided no evidence of a dose-response effect. &s can be seen,
the number of participants within each stratum ap-earing older than their
stated ages was quite small. The adjusted analyses by logistic regiesuion
did not detect any sigigificant exposure or covariate effects.

TABLE 9-14.
Unadjusted Exposure Index Analysis of

Appearance of Relative Age by Occupation

Relative Age

Younger/Same Older
Exposure

Occupation Index Number Percent Number Percent Total p-Value*

Officer Low 125 98.4 2 1.6 127
Medium 127 97.7 3 2.3 130 0.89
High 121 98.4 2 1.6 123

Enlisted Flyer Low 52 94.6 3 5.4 55
Medium 62 95.4 3 4.6 65 0.88
High 55 96.3 2 3.5 57

Enlisted Low 146 94.8 8 5.2 154
Groundcrew Medium 151 93.2 11 6.8 162 0.82

High 134 94.4 8 5.6 142

*Chi-square tests, 2 d.f.
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ft7g!rcte Sed'"mtatioe Rate

The sedimentation rate vas analjed both continuously on a logarithsic
scale and dichotomously (normal, abnormal). One-vay analyses of variance
vere performed on the sedimentation rat., !eans categorized by occupation and
exposure level. These tests shoved no significant differences in the officer
and the enlisted flyer strata (p=0.76, p-0.64, respectively). In the
enlisted groundcrev stratum the means vere marginally dif.eront, vith the
mean "idimentation rate iucreasing vith Inetressing exposr...e level, but the
differences vere not statistically significant (p.0.12). Whin these data
vere adjusted by an analysis of .ovariance for age, the diff.•rencte in mean
sedimentation rates in the enlisted groundcrev va less noteworthy (p.0.33).
Age "as positively associated vith the mean sedimentation rata, in all thres
occupational strata (p<0.001, p-0.009, and p<0O001, respectively). The
adjusted tests are reflected in Table 9-15 (means and confidence iimits have
been transformed back to the original scale).

A categorical analysis of the sedimentation rate by exposure level for
each occupational stratum yas also conductt1. Differing from the previous
continuous analyres, the categorical contrasts revealed a significint
exposure effect (p.0.027) in the enlisted flyer stratum, albeit vith small
numbers. These su mmarized data are shovn in Table 9-16.

kdjustment for age, race, and personality score revealed a significant
high versus loy exposure contrast in the enlisted flyer stratum. The
adjusted analysis is fully shovn in Table 9-17.

TAMI 9-15.

Adjusted eaen Sedimeatatiuo Rates by Occupation

3xposure Index,
Adjusted Hean, wm/hr (915 C.I.)

Occupatioai 101v Medium High p-Value

Officer 5.40 (4.71,6.19) 4.78 (4.17,5.47) 4,69 (4.09,5.37) 0.31

Enlisted 5.).0 (4.11,6.33) 6.00 (4.91,7.32) 5.00 (4.04,6.19) 0.41
Flyer

Enlisted 4.66 (4,10,5.29) 5.09 (4.49,5.77) 3.35 (4.69,6.12) 0.33
Groundcrev
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TABI 9-16.

Unadjusted Rxposuv ladex Analysis of
S641mstation late by occupation

Sedimentation Rate

Normal Abormal
gOm/hr >20u/hr

Exposure
Occupation Index Number Percent Number Percent Total p-Value*

Officer Lov 117 92.1 10 7.9 127
Medium 125 96.2 5 3.8 130 0.27
High 119 95.9 5 4.1 123

Enlisted Low 53 96.4 2 3.6 55
Flyer Medium 62 95.4 3 4.6 65 0.027

High 48 34.2 9 15.8 57

Enlisted Lov 142 92.2 12 7.8 154
Grounderev Medium 156 95.7 7 4.3 163 0.290

High 136 95.8 6 4.2 142

*Chi-square tests, 2 d.f.

TABLE 9-17.

MiJuted Relatiwe lisk of Sedimentation Rate
by Occupation and Expowure Contrast

Exposure Adj. Relative
Occupation Contrast Risk (95% C.I.) p-Value

Officer Medium vs. Lov 0.47 (0.16,1.41) 0.177
High vs. LoW 0.50 (0.17,1.52) 0.226

Enlisted Flyer Medium vs. Low 1.28 (0.21,7.96) 0.790
High vs. Lov 4.97 (1.02,24.2) 0.047

Enlisted Mediuu vs. Lov 0.76 (0.28,2.06) 0.592
Groundcrev High vs. Low 0.54 (0.19,1.49) 0.234
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Percent Body Fat
SExposure analyses of percent body fat were done using both linear models

and logistic regrission. One-way analyses of variance for means found no
statistically significant exposure differences in th4 occupational cohorts.
These statistics are presented in Table 9-18.

TABLE 9-18.

Unadjusted Nesa of Percat Body Fat by Occupat.on

Exposure Index, MeantSE

Occupation LoW Medium High p-Value

Officer 20.99"0.36 21.11t0.41 21.26*0.36 0.88

Enlisted Flyer 20.65t0.55 21.26*0.77 21.59t0.77 0.65

Snl"sted 20.91*O.42 21.43*0.41 20.79)O." 0.53
Groundcrev

Linear models including age, race, and two-factor exposure level-by-
covariate interactions found no significant difference in the adjusted
exposure level means for percent body fat. The effect of age vas significant
in the officer cohort (p.0.003), and of borderline significance in the
enlisted groundcrev stratua (pwO.06 4 ). Race was nonsignificant throughout
all the tests.

The unadjusted categorical assessment of percent body fat, shoen in
Table 9-19, revealed no significant exposure effects. Bowever, In the
enlisted flyer stratum, a test for linear trend in the proportions 1ave a
borderline signifkiant result (p.O.054), vith an estimated step increasm of
6.8 plus or minus 3.6 percent per unit increase in exposure-level category.
An adjusted analysis by logistic regression did not reveal significmnt
exposure level effects but did detect significant effects of age in the
officer and enlisted groundcrev categories.

In stimary, detailed exposure analyses vtre performed on four of five
dependent variables used to assess general health status. Only ;a very few of
the tests approached statistical significance (multiple comparisons notvith-
stending); of these, three associations suggested a trend of adverse effects
from low to high exposure; but only one was statistically significant, and
there was no consistency across occupational strata (health peLception in
officers, p-0.064; sedimentation rate in enlisted flyers, p-0.027; and
percent body fat in enlisted flyers, p-0.054). Theme results were relstively

S comparable to the negative exposure findings in the Baseline Report.
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TABUI 9-19.

UnadJsted Ixposur Index Anailysis of
Percent Body Fat by Occugatiou

Percent Body Fat

Lean/Normal Obese

Exposure
Occupation Level Number Percent Number Percent Total p-Value*

Officer Lov 104 81.9 23 18.1 127
Medium 110 84.6 20 15.4 130 0.76
Higzu 100 81.3 23 18.7 123

Enlisted Lov 50 90.9 5 9.1 55
Flyer Medium 53 81.5 12 18.5 65 0.14

High 4 77.2 13 22.8 57

Enlisted Lov 126 81.8 28 18.2 154
Groundcrev Medium 131 80.4 32 19.6 163 0.88

High 113 79.6 29 20.4 142

*Chi-square tests, 2 d.f.

La UIUL "YBSU S

Tvo variables, self-perception of health and sedimentation rata, vers
presc•i.bed to assess the longitudinal differences betveen the 1982 Baseline
eamination and the 1985 follovup examination. both variables vere analyzed
in th. discrete form. The four categories of perception of health vare
reduced to normal (excellent/good) and abnormal (fair/poor). The respective
laboratory norms of 12 or less rn/hr auA more than 12 rn/hr for the Baseline
sedisentation rates, and 20 or less mr/hr and more than 20 mr/hr for the
followup examination vere used to categorize the sedimentation rate data $nto
notmal and abnormal groups. The off-diagonal data (normal to abnormal,
abnormal to normal) from the tvo examinations vera contrasted by group
membership, a process equivalent to testing for a group-by-time-by-clinical
endpoint interaction. The results of these tests, unadjusted for covariates,
are given in Table 9-20.

These analyses shoved an equivalence of the chwW* in self-perception of
health in the tvo groups betveen examinations, but a highly significant group
differ.mce in the change in sedimentation rate abnormali•.ies. The latter yes
explained by the fact that the Baseline examination determined a sigrnificant
egcess of sedimentation rate abnormalities in the Comparisons vhereas at the
follovup examination, the Ranch Hands had a significantly higher Droportion
of abnormalities. Perhaps as a related fact,. it is recognized that the
sedimentation rate laboratory test procedure changed to a mo-e sensitive one
at the follovup examination.
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TABLE 9-20.

0Longitdinal Analysis of Self-Perception of Bealth and Sedluentation Rate:
A Contrast of Baseline and First Followup Examination Abnormalities

FollovupExaminat ion

Baseline Odds p-Value
Variable Group Examination Abnormal Normal Ratio (OR*) (OR,,, vs. ORc)

S ~lf- Ranch Hand Abnormal 62 127 0.21
Perception Normal 27 750of Health 0.84

Comparison Abnormal 49 124 0.23

Normal 28 936

Sedimenta- Rand. Hand Abnormal 17 16 2.44
tion Rate Normal 39 899

0.002
Comparison Abnormal 14 37 0.73

Nora•i 27 1,061

SNumber Normal Baseline, Abnormal Follovup
*Odds Ratio:

Number Abnormal Baseline, Normal Follovup.

SuIaIy MW CMWZMIIS

General physical health vas evaluated by five measures, three of vhich
vere subjective (self-perception of health, appearance of distress, and
appearance of relative age), and tvo of vhich vere objective (percent body
fat and sedimentation rate). Table 9-21 presents a summary of all the
unadjusted and adjusted avalyses of these five variables.

The Ranch Sands rated their health as fair or poor more often than the
Compariso-s (9.1Z vorsua 7.3Z, respectively), but this difference vas not
significant by categorical testiag. Hovewer, further analysis revealed a
significant group-by-occupation Interaction; differences vere largely con-
fined to the enlisted groundcrev category. Both the Ranch Rand and Compari-
xon groups noticuably improved their perceptions of health from the 1982
'4aseline iuamination.

Only 10 Individuals vare reported as appearing acutely ill or distressed
at the follovup examination, 4 vere Ranch Hands and 6 vere Comparisons. This
difference vas not statistically s$gnific nt and the data vern insufficlant
for adjusted analyses.
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TANTA 9-21.

Overall Smimmy Results of udJusted and Ajusted
Analyses of General Hkmlth Variables

UntdJ us ted Adjusted

Variable Catego.cal Mean Categorical Nom

Self-Perception HS -- --

of Health

Appearance of NS ..
Illness/Diss tress

Appearance of NS --

Relative Age

Sedimentation 0.013 NS 0.011 NS
Rate

Percent Body Fat NS 0.0'7 MS 0.035

-- Analysis not performed.

****Group-by-coveriet e interaction.

"Analysis not possible due to sparse data.

Appearance of relative age, as determined by the examining physician,
shoved 1.6 percent of the Ranch Hands appearing younger titan their stated
age, 94.3 percent appearing the same, and 4.1 percent appearing older (as
contrasted to 0.72, 95.42, and 3.92, respectively, in the Comparison group).
There vas a significan group-by-occupation interaction, but none of the
estimated relative risak fo" the occupational categories was significant.
This observation at the follovup examination contrasted vith the significant
tendency at the Baseline for a higher percentage of Ranch Hands than
Comparisons to appear younger than their stated ages.

The geometric mne sedimentation rates (5.05 ua/hr Ranch Hand versus
4.93 um/hr Comparison) did not differ significantly by group, either
unadjusted or after adjustment for age, race, occupation, personality score,
and an age-by-personality score interaction. Hovever, in the dichotomous
form, 5.8 percent of the Ranch Hands had sedimentation rate abnormalities as
contrasted to 3.6 percent in the C.4,parison group. This difference yas
significant by both unadjusted and adjusted tests. Also, this finding vas
opposite to that of the Baseline examination, vhei:- it vas noted that younger
Comparisons had significantly elevated sedimentativia rates.

9-22



The mean percent body fat of the Ranch Hands vas significantly lover
than the Comparisons (21.1OX±0.15, 21.54%±O.14, respectively, p-0.037), and
vs of nearly the same magnitude after adjustment for age, race, and occupa-
tion. Hovever, both unadjusted and adjusted categorical tests did not reveal
significant group differences, although the percent obese vas lover in the
Ranch Hands than in the Comparisons. No group differences in percent body
fat were noted at the Baseline examination.

Detailed exposure analyses vere done on four general health variables
(appearance of acute distress uas too sparse for testing). Only one analysis
demonstrated statistical significance, i.e., a positive association of
sedimentation rate abnormalities vith increasing exporure in tha enlisted
flyer cohort. Overall, no consistent pattern of exposure effects vat
discernible, and the exposure findings at the third-year follovup vere
simniar to the findings at Baseline.

Longitudinal differences betveen the 1982 Baseline and the 1985 followup
examination were assessed by analyses of tvo discrete variables, self-
perception of health and sedimentation rate. Perceived health shoved no.
significant group differences over time, but both the Ranch Hand and
Comparison groups paradoxically reported symetrical improvements in their
perceptions over the 3-year period. The sedimentation rate analysis revealed
a highly significant group difference (p-.0002), due to a reversal of
findings between examinations, i.e., a signifizant detriment in the younger
Comparisons at the Baseline versus a significant detriment in the Ranch Hands
at the follovup. The cause(s) and biological relevance of this observation
are unclear.

O In conclusion, a nonspecific assessm-nt of general physical health has
shown relatively close similarity betveen the Ranch Band and Comparison
groups, vith the Ranch Hands continuing to perceive their hewlth more
negatively than the Comparisons, having a slightly more favorable percent
body-fat proportion, but a higher proportion of abnormal sedimentation rates
that :eflects a marked change since the Baseline examination. These findings
must be placed in context vith the organ and system-specific evaluations
found in the succeeding chapters.

0
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Cancer is a major suspect disease following exposure to chlorophenols,
phenoxy herbicides, and dioxin. Both systemic cancer and skin cancer are key
focal points of this study.

The issue of military service related cancer in Vietnaz veterans first
arose in 1978-1979 Media presentations emphasized several early cancer
deaths in several Army veterans, which were allegedly caused by exposure to
Agent Orange. The media reinforced the causal allegutions by citing animal
studies, which demonstrated a carcinogenic effect, and a few human studies,
which shoved excessive cancer in specific occupational groups. So etfective
and sustained were the media presentations that today the public equates
dioxin and Agent Orange exposure to cancer.

In the larger context of environmental controversies, Young aptly
described the Afent Orange issue as being at the crossroads of science and
social concern. The scientific community has responded to the dioxin
question by a massive research effort, which in concert with class action
lavsuit?, is expected to cost more than a billion dollars in tha near
future. The core of the overall research effort is basic and applied cancer
research.

Traditional animal-to-man extrapolation difficulties and interspecies
variability have limited the direct applicability of much of the experimental
work to the controversy. Major opidemiologic challenges have included: the
ability to control/characterize bias; selection of suitable controls or
reference groups; quality/quantity of exposure; misclassification of expo-
sure; confoundingexposure to known injurious chemicals; staple size and
statistical power; number and selection of relevant risk factors; lack of
antecedent disease or syndromes (other than chloracne); time to event
(latency); rarity of the endpoint; and tumor type (carcinoma, sarcoma)
differences found in many studies.

For these reasons, chere is no scientific consensus on the dioxin-cancer
question. There is, however, a common thread, raising concern over soft
tissue sarcomas (STS) and non-Hodgkin's lymphoma (NIlL). Pertinent animal and
human studies underscore the concern over cancer.

Numerous animal studies have been conducted to delineate the role of
TCDD on tumor initiation, tumor promotion, mutagenesis, cocarcinogenesis, and
DNA reactivity. The consensus of most research is that TCDD is only weakly
mutagenic, does not covalently bind to DNA, or cause it to initiate repair
synthefis, and behaves as a strong tumor promoter in already initiated
cells.

0
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The oncogenic response to TCDD in animals has been repeatedly shown to
depend upon animal species and strain, dose, age, sex, and route of admin-
istration. forventional skin bioassays.in nice produced mixed results in
some studies ' but caused significant detmal fibrosarcomas in other studies
using different strains of animals. In the presence of a strong carcinogen,
TCDO induced skin papillomas in homozygous hairless mice (but not in the
heterozygous strain), clearly supporting the promoter role ?f TCDD, a non-
genetic mechanism judged to be related to receptor binding.

Ingestion studies in soveral rat strains at doses of 0.07-0.1 ug/kg/day
produced hepatocellular carcinomas, squamous cell carcinomts f the
oropharynx and lung, and follicular cell thyroid adenomas. ' In two mouse
strains, gavage doses of 2607-0.3 ug/kg/day ptoduced hepatocellular carci-
nomas and thyroid tumors. In the presence of partial hepatectomy and
diethylnitrosamine, subcutaneous TCDD administration to rats resulted ins:
hepatocellular carcinomas, demonstrating the promoter mechanism of TCDD.

Based upon these and other studies, the International Agency for
Research on Cancer (IARC) designated TCDD as carcinogenic in 1982. There are
insufficient data to implicate 2,4-D and 2,4,5-T as carcinogens. The
majority of animal studies have shown carcinomas rather than sarcomas, the
tumor cited in some human studies. If TCDD oncogenicity in humans is to be
supported, the differences in tumor types between animals and man requires
explanation.

In a series of publications beginning in 1974, commonly known as the
"Swedish studies," extensive inquiry was made into occupational canci_1 5
following exposure to a variety of herbicides. Four related efforts
using Swedish railroad workers found an increased cancer incidence mostly
associated with non-TCDD herbicides. However, a case-control analysis of
these data by other inylstigators suggested cancer promotion following
phenoxy acid exposure.

Prompted by a slight increase in STS in the railroad workers and
clinical experience with a case s~rie 7 1of STS, Hardell and coworkers launched
an extensive second round of studies. These efforts shoved statisti-
cally significant increased risks for STS, Hodgkin's Disease (mD), and NIL.
For exposure to phenoxy acids alone, the risk ratio ranged from 5.3 to 6.8
for STS-in northern and southern Sweden, respectively, while a range of 3.3
to 6.6 was noted for exposure to chlorophenol alone. For malignant lymphoma
(RD plus NIL), risk ratios of 8.4 and 4.8 were respectively demonstrated for
chlorophe. 3l and phenoxy acid exposures. An association of nasal and
nasopharyffeal cancer to chlorophenol exposure (risk ratio, 6.7) was also
detected, but ocher specifically focused studies of primary liver cancer
and colon 3.qer were negative with respect to phenoxy acid or chlorophenol
exposure. " The colon cancer study was conducted specifically to demon-
strate a lack of respondent bias to "validate" previous questionnaire and
interview methods used in the STS studies.

From the Ytft, the Swedish studies have been criticized on method-
ologic issues, prompting the primary authors, Axelsot, and Hardell, to
respond with clarifications, new calculations, amintifMinijsudies on
additional cohorts, and studies on other P:ancers. The chief
criticisms centered upon possiJle respondent and observational biases,

1
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selection of controls, confounding exposures, and degree of true exposure to
* ~phenoxy acids and thlturoph~anols- The authors answered these criticismsw

within the inherent constraints of the case-control methodology. Their
efforts have been characteriaed fq Rfreful, clever, and properly stated, end
have received favorable reviews.

Four small industritl y9rtality studies were conducted in zthe late
1970's and early 1980's. -NIOSH Investigators pooiet. the data from theset studies and noted that three of the 105 deaths (2.9X) in these studies were
due to STS "~ contrasted to an expected C.07 percent in zhe U.S. general
population. This study has been criticized for the hasty addition of
possibly ncncomparable industrial cohorts, and the l.ack or histologic confir-
mation of the STS cases,, A subsequent csse report cidded another STS case to
the industrial studies, and two otiier reportf.72ytiled three unrelated STS
cases also arising from the Industrial sector. However, uipon closer
inspectior', only two of the fij~t four cases were confirmed as STS by an
indepeaident histologic revitew. Othier review findings of the seven total
cases were noteworthy: there was poor agreement on the histologic subtype of
the soft tissue tumors, and because of a quirk in twe International
Classification of Diseases <ICD1 System, wherein orgin-specific sarcomas are
coded separately from soft and connective tissue tumors (ICD 171), death-

cerijjfjebased studies will underascortain STS by approxime-tely 40 per-
c~e~tA.l This laitter problem did not affect the Swedish studies.

Other cancer studies throughout the world shi~yed mixed support for the
Swedibh findings. An Italian case-control effort' showed a weak association
between ovarian mesothelial tumors and herbicid~e exposure, whereas a FinnishIstudy of a small, number of pesticide sprayers 4 n.5erstandably did not detect

any tases of STS er malik~nant lymphomas (ML). A study of more thai, 4,000
Danish phenoxy h~arbici&k workers noted fiyp STS c~ases (versus 1.8 expected)
and seven ML casts (versus 5.~4 expected)." The author concluded that the
STS observation supported th3 Swed~ish work and that the ML rate did not. Otte
New Zealand case-contro~l otudy showed a noasignificant relative risk T; 1.3
for STS among occupatioais consistent wi~th phenoxy herbitide epsie
although a risk of 7.2 was noted for STS ano potontial chloropheniol vxposure
in tanneries.

A related seco'nd car'cer registry-based case-control study ievealed
signific&at excesses o~f agriculJtural and forelirv occu'nations from ML ca-a
and multiplc. myeloma cases (odds ratio 1.25). In a similar but larger
csncer registry study in Sweden, there was no increased risk of STS (rel.ative
risk. 0.9) in a~icultuiral or forestry workers as contrastced to other indus-
trial vorkv-,j. Further, the STS risk was cotastozit over time In spite of
increas*~d usage oi plhexioxy acid herbicides from 1947 to 1970. This Swedish
study did not confirm or show a trend .ýonislstent with the earlier Hardell
Svedlph studies.

A recent U~.S. case-control study ft.ow the Kansag 3cwicer registry has
providet! partial support for Harde".1's observatJor~s. The Kansas study was
very sic.0Jar in roethodoJ.ogy to the early Swedish studies and tried to avoid
bias and misc'assificatfxin. An n.ve-:,l risk o~f 1.6 vas found for NHL in men
exposed to her"'ticides, paý.ticuJ.er]: 2,44). As tha ireq'iercy of herbicide
ex-pusure tncr-.ased to more than 20 days per year, the risk of NUL increased
to s~lxfold vis-a~-vis noniarmers. For herbicide applicators, the risk for NHL
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was 8.0. A simultaneously published review of the Kaffas work notedI that
this should shift scientific concern from STS to NHL. A population-based
came-control study of STS and NHL in western Vashington found -io overall
increased risk of these diseases associated with5 !n occupatiecw'l history of
exposure to chiorophenols or phenoxy herbicides. -However, risks of NHL
vere significantly elevated in the specific occupational cat~egories of
farmers, forestry herbicide applicators, and those individuals potentially
exposed to phenoxy herbicides in any occupation for 15 years or more. An
increased risk of NIL was also noted among those with occupational exposure
to insecticides, organic solvents, lead, and rai~ding fumes.

A number of Vietnam veteran studies hair at-empte to determine vhett-r 60
veterans have experienced excessive movlitaiy, particularly from cancer.
Most of the studies used prop*;tionate mortal.ty ratio (PHR) methodology a..kd
equated Vietnam service with potential. oxposu!:e to Agent Orange, a procedure
of considerable imprecision (misclassifleation). These exposure allocation
difficulties, coupled with the inherent -dethodo'logical weaknesses of the PMR
technique, have minimized the coutribution of these studies to the overall
cancer issue.

As might be predicttd by these pxoblems, almost all of the veteran
studies were negative for generic cancer as~ociations, as well as for STS,
lHD, and NIL asxociation,-. An an example of the veteran studies, the
Australian retrospective cohort mort-ility effort revealed an overall relative
mortality ratio of 0.99, an o-4erall cancer mortality ratio of~.0-95, and
nonsignificant statisticil differences for STS, MiL, and HD. ]n a revent
Vietnam experience study of I=T using the case-control method, no significant
association was fond~ between military service in Vietnam ;?nd the subs~equent
occurrence of STS.

No consistent pattern for oth~er can~cer types has emerged from th? entire
body of herbicide literature. NIonse of the leukemias his been associated with
exposure to Kerbicide Oreng., nor agi 21 Its ipustituents. Two studies noted
slight increftt14 in gastric cancer '.and two others cited modest risks for
lung cancer. ' A recent Swedish study reported slight excesses of rectal
cancer lpmal e workers and inc-reased Qervical c&ncer from the expored female
cohort. Overall, these nnd other obrervations have not beeii consistent
with the expectation that dioxin, as a cancer promoter, shc'ild increase the
occurrence of common "bac'~rogcund" cancers.

From another perspective, iU cleoaz-cut exposure to 2,4-D or diexin is
shown to cause an immunological de!icitnvcy (ase Chapter 19), ani expeccation
would be ap~epessive representatior of B-cell t'~mors from the population of
MHL cases. An excess of B-cell ne-oplasms has, I!? fact,, not be~en
desvribed in N~HL cases from industrial or vq~teran cohoy~tc to datd.

11 is unlikely that the cancer question vill be clearly resolved in the
near iuture. D~ioxin exposure lai lndlistry and agriculture It." fallen precip.-
i'ously since the 1970's, while cxpcsures to 2,4-D and non-TC~DD containing
herbicides have continued. Veteran studies characterized by low or
undo~nva~tnted exposure to Agent Orange, and/or of 4'uall coh~ort s!.te are
unli'taly tu -ontribute suhit~mtive data for the evaluation of type-spnif ic
cancers althouth they may ý.nntribute to the re~colu,ýion of the generic cancer
issue.
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In summary, Swedish studies first noted an approximate sixfold risk, of
* soft tissue sarcoma and iralignant lymphoma. in forestry workers exposed to

both phenoxy acid hai-bicid~a (not containiu% the dioxin conta2inant) ond
chiorophenols (containing dioxin). A large number of international studies
were predominantly vnoupportive of the Swedish observations. Recent U.S.
research on agricultural yorkers, however, provided some support for a v'on-
Hodgkin's lymphoma-phenoxy acid exposure association. rhe future scientific
focus is ex'pccted to shift~ from dioxin herbicides to nondioxira herbicides and
from soft tissue sarcomas to malignant lymphomas. Studies of other veteran
populations will nct likely contribute to the new emphasis, largely because
of exposure uncertainties.

Baseline Suamary Results

Cancer rectived major emphasis durirgr the 19.82 AFHS. The assessment of
malignancy used data f rom both the in-home questionnaire and the revi.ev-of-
systems questinnriire obtain~ed dtur!4 ..;g the physical exadiina'.Aon as we.ll as
data from the emauination itseli. All subjective data were verified by
medical record raviews. in ati tion, tabulation of mortality ec'Jnt, data from
the~ Base' Inc Mortality Report was r-,std in ccnjurctlon vith cancer morbieity
info'rmaticn. The overall results shov~d an equivaienct oif systemtic cancer
(p.0.46) in the two groups but significantly more nonmelanotlc sakin cancer
(p-0.03) i.n the Ranch Hands.

Of 50) reported s~ystemic cancers from the Ranch Fmid and Couparisoa
groups, 28 (14 An each group) were verified by' rziýt recordb and pathology
reports. A visual inspection of 9aiatamci Sites show'-d a slight exce~ss of

* genitourinary cancer and 7rcpbaryngeal cancer but a relative .dtficit of
dijeative system aeopilas.. in the Ranch H&nds, A combined morbidity-morta'lty
analysis derived from the initiral !.-1 match (Ranch Hand to the C-1ipCoari~on
member) disclosed similar d13tributiono. One cast of sroft tissue sarcoma and
one case of Hodgkin's Disease were confirmedy both in the Comparison group.
Exposure analyses for iaiduntrial chemicals and z rays were negr Zive as wcere
most of the herbicide exposure analyses ina the Ranch Hand group. All of the
exposure analyses were based upon very small numbers, and inter~tections were
noted in suveral atiats.

Quaestionnaire data v'erified by medical rp.-to'- reviews reveal"d signif-
icart'ly more skin cancei: in the Ranch Hands Clt' od-is 2?.35). Basal call
ca.-cinoma accounted for 833~ percent of the reported skin cancers '-n both
groups and was concentrated anatomically on the face, head, and neck. The
f cv melanoma and squaaous cell cancers were evenly distributed between the
Ranch Hand and C3mparison groups. All skin ýýancezs occ~urred in, nonblacks.
Adjustments for occupational exposures (e.g., asbestos, degreasing chemicals)
did not alter the increased rate of skin cancer in the Ranch Hand group.

Skin canicer In both groups was associated with expusure to industrial
chemicals (pO.0O3). Herbicide exposure analyses in the Ranch Hand group were
essentially negative, although confounding was noted ini many of the analyses.
Outdoor occupations subsequent to military service as a covariate did not
account for the significant skin cancer association~.



Parameters of the 1985 Malig-rancy Assesawent

The emphasis on crncace was 1ncreased during the first follavup study in
1985. With the Baseline finding of excesbive skin za&tcer in thie Ranch Hands,
and the lack of covariate data to refine thatr asso-ciatioiu, considerable
attention was devoted to skin cancer. The qvnestionnaire was al.tered to
collect information, on each geographic location in which a participant lived
for more then 12 montho in order to calculate a cumulative "lifetime" sun
exposure index based on geogrniphic 'atitude, ?irice ultraviolet light exposure
has baeui acknovledged as the primary cause zf Lesal cell carcinoma. Detailed
data or. skin tannability, eye, skin, and hair color, and parental ethnicity
were also obtained. In addition, emphasis at the dermatologic exw~nation
was shifted from acne/chloracne to skin cancer, and punch biopsies uiez~e
sought for all 3uspected malignant lesions.

The participants were asked to bring copies of their medical records to
facilitate the verification of xeported malignancies. Highly str.vctured
smoking data were collected for more detailed covariate adjustments, and
Baseline question'i on exposure to other carcinogens were repeated to gather
interval data. No invasive procedures were used at the followup physical
examination to detect evidence of systemic cance -.

Thus, the dependent variables of the enalyse3 belov are similat to the
Baseline analyses, but covariate analyses have !)en expanded for both skin
aind 3ystemic cdncers. The lifetime occurrence of cen~erp as well as the
interval occurrence of skin and systemic cancers between the Baseiine and
foIiowip examinations, is analyzed.

Minor numeric differences in various tablea that follow reflert muissing
data from the covariatee. The statistical methods uaed v roughout this
chapter are Fisher's exact test, thi-square tests of associ-ation, anr'd
logistic regrevaion models (BMDP*O.LR) lor adjusted group contrasts of
neoplasm incidence zates.

RESULTS AND DISCUSSION

General

MCalignant an-1, benign neoplasms, carcint~oas in situ, ard aoplasms of
uncertain behavior or unspecifie-1 nature are studied in this chapter. TLe
term 4systemic" is used throughout t3 denotc a normskin neoplasm. '&he tee~m
"unspeciftid" is used to denote a neoplasm of uncertain ýe4i~vior or
v.nspecif led nature. Neoplasm refers to any uew and abnormal growth which may
or may not be iualignant. IftlAgnant neoplascr (malignancies, cancer) are
those neoplasms that are capable of invasion and metistasis.

Questionnaire Da-a

At the followup examinatiGi, p?.titipants provided information on caiiwr
diuring tne interval, between ezaoqinationra aivi participants vho were new tra thee
study gave their lifetime histcry. All -eported neoplasm~s entared Lhe
medical records review process for veri'..icatiern. Only 11 R~anch BIands (1.1%)
and 12 Comparisons (0,9%) reported neopl.astic condit~ons which could not be
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substautiauted (all of the skin); the group difference va~s nonsignificant
(p-.0833).

-teal Rf vuuation Uata

Som. possible. neoplastic conditiens ver* discovered by the physicians at
the physical examination. Hany suspiciCUi sktin lesions vere biopsied and the
pathology determined. Govevrer, for some suspected skin neoplasm.s and all
suspected systemic neoplasms, verification Yea not complete at the time of
vriting this report, and thus. both verified and suspected neoplasms are
described and analyzed. The term suspected is usid throughout to denote
those possible neoplastic conditions noxed.by the physicians at the follovup
examinatlon for which the results of verification are not yet stvailable.
Consideration of suspiacted neoplasms vas justifiable in particular for skin
neoplasms, ',or vhith the biopsy confirmation rate is high.

Statisticetl Analysis

The statistical analysis is dercribed in three sections. The first
section presants unadjusted and adjusted analyses of skin and systemic
neoplasm incidence In the Daseline-follovup interval, and is r~fezred to as
interv'al analysis. In the second section, unadjusted and adjuared analyses
of lifetime skin and sysatemic neoplasm incidence are analysed for the
followup participants, Incorporating Basfiline information. Since there were
very few Lneoplasm occvr7ýnces W~ore the SZA tours, thisa comeined interval
and Asseline analysis is referred to thrcoughout as lifetime analysis.

* Lastly, the neoplasm nistory and mortaltty of the tully compl'unt Samplive
parti1cipant~s subwsquent to Baseline rer described. All analyses are ol& the
'nuw~ern c-' participants with (one or more) nt".plasma, and not of the total
numbeir of neoplasais.

the pnipjose of thaeu thret analyped is to present a comprehensive
picture of the neoplasia lUbtory of the fca.lovup participants, and to provide
some additinral inf'rmazion on the nezoplssi& Pstats of the Baselino partic-
Irants subsequent to Saseline. There va~s a slight JIifferen~e betveens the
Baseline and follovup cohorts. The Interval and lifetime analyses purtmin to
neoplasm tvt..dwtce among follovup participants only. The third section
pertains to Baseline participants only, describing their history of neepiiasm
iiacideuce and mortality since Baseline. A fully combined morbidity-mortality
analysis ves. i.t feasible for this rep~ort.

;*ssuming a (tvoN-sided) a -level of 0.05 and pover 0.0, the sample sizes
wez sufficient to detect a relative r.~sk of 2.56 when the Comaparison
neopla.om tivoide~ace raet is I percent, and a ral~.cive risk of 1.63 vher. the
Comparison neoplsma incidwiuc~ rate is 5 percent. orw nnnblack~s only, the
cncrresponoing detectable relative~ ricks are 2.63 and 1.65, respectively.

All anclyses of daita from Ranch Han4s and th~e Original Comparisons only
are given in Appendix H., This appendix also contains other tabulations, such

" "7'-ate anSi interaction tables.
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38li F-rolovup interval

Table 10-1 shove the Baseline-follovup interval neoplasm history for the
follovup participants. The interval began in January 1982 for participants
new to the study, i.e., the 45 new Ranch Hands, the 71 new replacement
Comparisons, and 83 newly compliant Original Comparisons.

The total numbers of participants with verified neoplasms were 161/1,016
(15.8Z) Ranch Hands and 170/1,293 (13.1%) Comparisons; the group difference
was marginally significant (p.0.073). The relative frequencies of partic-
ipants with verified plus suspected neoplasms, 17.4 percent of Ranch Hands
and 16.2 percent of Comparisons, did not difter significantly between groups
(p.0.466).

Appendix Table H-1 gives the numbers of participants with verified or
suspected neoplasms and unadjusted analyses for the Ranch Hands and Original
Comparisons in the Baseline-follovup interval.

Interval SkJn Peoplasmm

Of Ranch Hands with verified neoplasms of all types (malignant, benign,
and untertain) 70.8 percent (114/161) had skin neoplasms; the corresponding
percentage for the Comparisons yes 68.2 percent (116/170). The difference in
these proportions was not significant (p.0.634). Vhen suspected neoplasms
vere included, the contrast was 70.1 percent (124/177) versus 67.6 percent
(142/210), again not significant (p-.0.660).

No Blacks yere found to have skin cance:, as anticipated since Blacks
have a lower susceptibility to sun-induced skin cancer. Therefore, ahalysis
of skin cancer vas limited to nonblacks.

Of Ranch Hands with skin neoplamsm, 32.5 percent (37/114) had malignant
neoplasms, as contrasted to 34.5 percent (40/116) of the Comparisons
(p-0.781). Uhen suspected malignant skin neoplasms were included, the
contrast vas 37.9 percent (47/124) versus 42.3 percent (60/142), and was not
significant (p.0.531).

For the remainder of this section, only malignant skin neoplasms are
analyzed. The dependent variables examined were basal cell carcinomas,
melanomas, squamous cell carcinomas, all skin cancers combined, and a group
of skin cancers called sun exposure-related skin malignancies. The sun
exposure-related skin mslignancies were defined as basal cell carcinomas,
melanomas, and malignant epithelial neoplasms not otherwise specified (NOS).
The latter were included because they are frequently misdiagnosed basal cell
carcinomas; three Ranch Hands had this diagnosis.

Interval Nalinant Skin Neopla8m

Table 10-2 presents the numbers of participants vith verified and
suspected malignant skin neoplasms by cell type: basal cell carcinomas,
squamou3 cell carcinomas, melanomas, all skin malignancies combined, and the
sun exposure-related skin malignancies, together vith the results of
unadjusted group contrasts. For the sake of completeness, the total numbers
of malignancies of each type are also given. The majority of the
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participants vith verified xkin malignancies had basal cell carcinomas4 78.4
* percent (29/37) Ranch Hands versus 75.0 percent (30/40) Comparisons; the

difference between the groups vas not significant (p.0.792).

Mmajusted Analyses

Table 10-2 shovs that no significant group differences vere found in the
incidence rates of either verified or verified plus suspected malignant skin
neoplasms. For verified basal cell carcinomas, the estimated relative risk
of Ranch Hands versus Comparisons was 1.23 (95Z C.I.: [0.73,2.07j) and yes
not significant (p.0.429). The estimate*4 relative risk for verified squamous
cell carcinoma, 1.27 (95% C.I.: [0.32,5.061), vys also not significant
(p=0.738). The estimated relative risk for verified melanoma, 0.42 (95%
C.I.: (0.04,4.061), was also not significant (p.0.635)o There were very fey
occurrences of melanoma (on. Ranch Hand and three Comparisons) since this is
a much rarer condition than other kinds of skin cancer. There were no signif-
icant diffeLr.nces betveen the groups for all verified malignant skin cancers
combined (Est. RR: 1.18, 95Z C.I.: [0.75,1.861, ps0.486) or for the category
of sun exposure-related skin malignancies (lat. U1s 1.24, 952 C.I.:
[0.75,2.02], p,O.4"7). When both verified and suspected malignant skin
neoplasms vere analyzed, the conclusions vere similar, namely, there were no
significant differences betveen the groups, and moreover, the estimated
relative risks were closer to 1. No groug differences were found in the
parallel contrasts of Ranch Bands versus Original Comparisons (see Table H-2
of Appendix H).

As shown in Table 10-3, additional analyses contrasted group differences
*in the anatomic location of basal cell carcinomas, melanomma, and aun

exposure-related skin malignancies. Nost occurrences of basal cell carcinoma
and sun exposure-related skin malignmeles yere on the face, head, or neck,
or the upper extremities. The relative frequency of occurrences of verified
basal cell carcinomas at these combite sites vas 89.7 percent for Ranch
Hands and 80.0 percent for Copaerisons of the total number of occurrences in
each group, respectively. The group contrast (26/29 versus 24/30) was not
significant (p.0.472). These combined sites accounted for 90.6 percent
(29/32) of the sun exposure-related malignancies for Ranch Hands versus
72.7 percent (24/33) for Comparisons; this contrast vas also not significant
(p-0.108). The corresponding contrasts, vhen suspected malignant neoplasms
vere. included vith the verified malignant neoplasma, vere also not
significant. One Ranch Hand had verified melanoma of the face, and three
Comparisons had verified melanoma on the trunk. Two other Comparisons had
suspected melanoma, also on the trunk. The group contrast for melanomas on
the trunk vas not significant for verified conditions (p.0.260), but vas
marginally significant for verified plus suspected conditions (p.0.071), the
detriment being in the Comparison group.

Table 10-4 gives the frequencies of participants vith face, head, and
neck skin malignancies by group and occupation. Specifically, nonmelanona
malignant skin neoplasms and the sun exposure-related malignant skin
neoplasas are listed by occupational category. For officers and enlisted
groundcrev, the frequencies of participants with face, head, and neck

iignant skin neoplasam (both amlignant nonmelanoma and the malignant sun
exposure-related skin neoplasms) did not differ signifcantly by group.
Hovever, the Ranch Hand enlisted flyers had a significantly higher frequency
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of malignant sun exposure-related skin neoplasms than the correspon~ing
Comparisons, 4.8 percent versus 1.0 percent (p.0.049). Pov nonmelanoma
malignant skin neoplasm, the contrast vas 4.8 percent versus ;,.6 per-eMt,
but the difference was not significant (p4-0.121). Inclusion of auapoeted
malignant neoplasms vith the verified ma)ignant neoplasm reduced the
significance of the difference betveen the groups for both Che sun
exposure-related skin malignancies and the nonmelanoma malignant wkir;
neoplasm.

Adjusted group contrasts of the incidence rate of basal cell caLciroms
and malignant sun exposure-related skin neoplasms vere done !or verified and
verified plus suspected conditions. Adjusted analyses weret not carried out,
hovever, for melanomas or squamous cell carcinomas because of the small
frequencies.

Covariates

The covariates considered for the adjusted analyses of malignant skir
neoplusm incidence, listed in Table 10-5, vere the matching variablus age and
occupation; history of alcohol and cigarette use; host factorw, towpriving
skin color, eye color, hair color, and ethnic background; reaction of skin to
sun exposure; average lifetime residential latitudej and "xpoevre to recog-
nized carcinogens. Age vas used as a continuous variable in tht adjusted
analyses, but vas categorized for ease of presentation in the report.

Rye color, hair color, and skin color were coded bi, the dermatologist at
the physical examination. Hair color vas determined by compariP the hair at
the back of the neck vith 17 numbered standardized hair samples and
selecting the most closely matching hair sample. Similarly, skin color
groupings from dark brown to pale Inach vere determined by comparing
standardized flesh-colored squares against the skla of the insid, upper
arm. For the analysis, hair and skin colors vere grouped as sho•an in
Table 10-5. Each participant was assigned to one of four ethnic groups
according to his responses to questions on race, as given in Table 10-5.
(Blacks vere omitted from the table becatse the analysis of maling-nt &kin
neoplasis was restricted to nonblacks.) These ethnic categories ar?
approximate groupings in terms of susceptibility to sun-induce! skin damage.
The ethnic categories also generally correlate to skin color, a commonly
known important risk factor for skin cancer.

A lifetime residential history vas obtained from all participants by &
questionnaire. Residential history, relative to the equator, is a surrogate
measure of sun exposure (but does not account for altitude or average
sun-days at each location), an important risk factor for skin cancer. Each
participant vas asked to list all residences chronologically, citiag i• oh the
city (or military installation) and the years of residence at each locatica
since birth. Residences of less than 1 year vere not sought because of the
frequent short-term military travels of these cohorts.

By standardized geographic atlases, the latitude (in degrees and
minutes) of each residence vas recorded. The Air Force subsequently checked
all of the latitude determinations for accuracy. The average lifetiis
residential latitude of each participant vas calculated by dividing "he total
degree-years (i.e., sun of latitude [degrees] times number of years lived
there) from all residences by the total number of residential years listed.

10-14



S~TANSE 10-5.

Covatiaten for Analyses of NeV.naat Skin fropjasmu

Covariate Category

Age Born ý1942, 1923-1941, S1922"

Occupotion Officer, Enlisted Flyer, Enlisted Groundcrev

Lifetime Cigarette Smoking Pack-years: 0, >0-20, >20-40, >40

Lifetime Alcohol Consumption Drinit-years: 0, >0-5, >5-30, >30-i00, >100

ithnic Background A, B, C, Db

Skin Color Dark, medium, pale, dark peach, pale peachi

Hair Color Black, dark brown, ltgh. brown, blond, red

3ye Color brown, hazsl, green, gr&y, bluec

Reactiond of Skin to Sun
Exposure :

(A.1) After first 30 minutes Burns, usually burns, burns mildly, rarely
of summer sun burns

(A.2) After ý2 hours, after Burns painfully, burns, becomes red, no
first exposure reaction

(A.3) After repeated sun Freckles vith no tan, tans mildly, tans
exposures moderately, tans deep brown

"Sun-ReacLion Index (Composite) 4  (1) Burns painfully (A.2) and/or freckles
vith no tan (A.3)

(2) Burns (A.2) and/or tans mildly (A.3)
(3) All other reactions

Residential Bistory Average ititude <370, >370
(Average Latitude)

Exposure to Carcinogens/Groups
of Carcinogens

Set 1
Asbestos Yes, No
Nonmedical X Rays Yes, No
Industrial Chemicals Yes, No
Herbicides Yes, No
Insecticides Yes, No
Degreasing Chemicals Yes, No

0
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TA3BL 10-5. (continued)

Covarlates for Analyses of Wm3,ignmnt Skin Neoplams

Covariate Category

Set 2"
Anthracene Yes, No
Arsenic Yes, No
Benzene Yes, No
Benzidene Ys, No
Chromates Yes, No
Coal Tar Yes, No
Creosote Yes, No
Aminodiphenyl Yes, No
Chloromethyl Ether Yes, No
Mustard Gas Yest No
Naphthylamine Yes, No
Cutting Oils Yes, No
Trichloroethylene Yes, No
Ultraviolet Light (not sun) Yes, No
Vinyl Chloride Yes, No

Composite Carcinogen Exposure Yes, if yes for exposura to any carcinogen
in set 2, otherwise no.

"Used as a continuous variable in adjusted analysis.

bA - English, Welsh, Scottish, lrish.

B - Scandinavian, German, Polish, Russian, other Slavic, Jewish, Frtnch.
C - Spanish, Italian, Greek.
D - Mexican, American Indiazi, Asian.

cParticipant with one green eye and one brown eye is coded a3 green.

dQuestionnaire data (see Appendix B).

eAFHS Form 2 (see Appendix C).
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xecognizing that both total degree-years and average lifetim" latitude could' be covariales for malignant sun exposure-related skin neoplasms, average
latitude was selected becau.,, of the high correlation of degree-years with
chronological age, a separate risk factor already used in the analyses.
Further, average residential latitude was believed to be a more stable
mea.ýure in the presence of some lack of precision in the source dala. In all
analyses, the average residential latitude was used as a dichotomous variable
(less than 370 N latitude, gree.ter than or equal to 370 N latitud?). A line
across the Unit~ed States at 370 N approximates a line from San Frai~cisk.;o,
California, to Richmond, Virginia.

Examination of the group distributions of the latitude variable sugg-est
that it is a significant confounding variable. Specifically, 56.7 percent of
14he nonblack Ranch Hands had an average lifetisme residencial latitude greater
than or equal to 370 N4 latitude versus 49.4 percent of the nonblack Compar-
isons (p.0.001). Although the average lifetire group residential latitudes
nppear similar (37.210 N latitude fqr the Ranch Hands, and 3b.740 N latitude
for the Comparisons), this dlffere-,ce is also highly significant (p-0.003),
reflecting the ~antial power of the analysis of continuous data.

Participants reported their susceptibility to the effects of sun-
exposuze damage by answering three questions about their skin reaction to
sun: the reaction after the first 30 KI~nutes of exposure to ruzimer sun, the
neiaction after 2 or more hours of sun exposure after thoe first 30-mi.nute
erposure. and the reaction after repeated exposui~es (see questions 1.0-12 on
page 71 af the questionnaire provided in Appendix B). Since these three
responses are highly correlated, a composite sun-reaction variable for use in
the~ adjusted anaiyzis, talled the sun-reaction index, v&-s constructed from
the las't two questionn (2-'hoixr airl repep-ted exposure reactions) after

fit examination of the oascciation between basal cell carcinoma incidence and the
three skin reaction variables. The sun-reaction index had three categories.
The first category carr~spanded to the most sensitive reaction or. thu last
two quistions, the second na.tI-gory corresponded to the next lesa sensitive
reaction on these two questions, and the third category comprised the
remlaining respcnses.

Detailed cuestioflnaiia information on exposure to asbesto..., nonmedical
x rnvs, industrial :.hemicals, herbicides, insecticides, and degreasing
chc zals was obtaine'i from each participant. Self-reported information on
e~posure to 15 individual carcinogens was obta-,ined~at the physical examina-
tion. A compor'ite carrdnogen exposure variable was constructed from these
responses on Andividual carcinogens: A parti~cipant had a ?oaili~ve score !or
this variabli if he :eportsd erpasure to one or more oi the 15 carcinogens,
otherwis~e hq. had a nega~ive score. Seli-reported information on asbestos and
radiatic.i ezxptsure vas not used because this information vas obt~aiiied in more
detail from the qtuestiornaire.

The nonh].ack Ranch 3ands differed significantly from the vjornblack
Comparisons in their exposure (yes/no) to nonmedical x rays (1i9,3% veraius
25.6%, p<.0-M). They alEo differed significantly from the Comparisons in
"their erposure-to herbicidps (94 .1% versus 29.P%, p<0.001) and insectic,..des
(70.21% verzus 53.1%, p<0.001), possibly veflecting Vietnam experience. These
variables were not used in the adjusted analysis. Fuirther, there were
significant or mbrgina'ly significant group differences in ttie self-reported
exposures to siveral individual carcinogens, in each instance relatively w~ore) (rnonblack) R.anch H&ai_3 than Comparisons reported exposure: arsenic \(2.7%
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versus 1.2%, p-0.016), naphthylazine (3.3% versus 1.7%, p-0. 0 24), cutting
oils (12.7% vecsus 8.7%, p-O.003), benzene ý4.3= versus 2.7%, p-0.056), and
be.nzidine (0.8% versus 0.3%, p-0U070). Results were smalar when Blatks were
included In the analysis.

Covariate Associations

Tab~e 10-6 gives a summary of the chi-.square tests of asaoc'Oation
between zl covariates and the incidence of basal cell careinomas and sun
exposure-related malignancies. Details of these tests of association are
provided in Appendix H, Table H-3.

There was a significant increase in the incidence rate of verified basal
cell carcinomas with increasing age (p.0.001). There was a s'gnificint
difference in the incidence rate of basal cell carcinomas amaong occupatioh
groups, with enlisted groundcrew hating a lower iWcidence rate (1.8%) than
officers (3.7%) and enlisted flyers (3.1%) (p-0.047). Since officers are, oa
the average, 5 years older th , enlisted participants, this '.Je.upation effect
may be due to some confounding with age. There was a higher incidence rate
for average lifetime residential latitude less thai 370 N versus greater than
or equal to 370 N latitude (p.O.008). Furthermore, there was a strong
difference for different levels of the sun-reaction index (p<0.0Ol), and tre
three skin-reaction-to-sun variables (pD.0O01 for all). Participants vho
tended to burn most had a lower rate (1.4%) than those with a milder reaction
(6.0%), and a similar rate to those who tended to tan (1.9%) (an unexpected
finding). There was a significant relationship between the incidence rate of
basal cell carciaoma and total pack-years of lifetime smoking (p.0.023 for
verifieds). This effect may also be due to confounding with age rather than
to a primary smoking effect (see Table H-5 of Appendix H). No significant
association was found between the incidence rate of verified basal cell
carcinoma and lifetime drink.-years.

No significant associations were found with ethnic group, skin color,
eye colar, and hair color. However, when the ethnic group categories were
dichotomized as Celtic or English versus other ethnic groups, the association
was marginally significant (p=0.093). Skin color was dichotomized as dark
peach or light peach versus other colors, and the association was significant
(Est. RR: 3.00, 95% C.I.: [1.08,8.33], p-0.024). Hair color was dichotomized
as blond or red versus other colors. The associatior of hair colLor with
basal cell carcinoma incidence was not significant (p=0.3 8 4 ). Furthermore,
no significant relationship was found between basal cell carcinoma incidence
and the composite carcinogen-exposure variable (p.0.523) or the grouped or
individual carcinogens.

The associations between the covariates and the incidence of veri'led
plus suspected basal cull carcinomas paralleled those for the verified basal
cell carcinomas only, except that the difference in rates among ethnic groups
was significant (p.0.046), hair color was significant (p=O.040), and a
marginally significant positive relationohip was found with nonmedical x-ray
exposure (p.0.084) and herbicide. exposure (p.0.072). The difference among
occupation 3roups, however, was more significant (p.0.003).
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TABLEZ 10-6.

Sumary of Associations leteen Incidence Rates
of Basal Cell Carcinoma and Sun Exposure-Related Skin Malignancies

and the Covariates, in the Baseline-lollovup Interval
for Combined Follovup Ranch Hand and Comparison Noublack Participants

Sun Exposure-Related
Basal Cell Carcinoma Skin Mali ncies

Verified & Verified &
Verified Suspected Verified SuspectedCovartate p-V-al7u-e p-V-alu1;__ p-Vle" -p-Value

Age 0.001 <0.001 0.004 <0.001

Occupation 0.047 0.003 NS* 0.006

Lifetime Cigarette Smoking 0.023 0.005 0.012 0.007

Lifetime Alcohol Consumption NS NS NS NS

Ethnic Background NS 0.046 NS 0.036

Skin Color NS** NS NS NS**

OHair Color NS 0.040 NS NS*

Eye Color NS NS NS NS

Reaction of Skin to Sun
Exposure:

(0.1) After first 30 minutes 0.001 <0.001 <0.001 <0.001
of summer sun

(0.2) After >2 hours, after <0.001 0.027 0.001 0.016
first exposure

(0.3) After repeated sun <0.001 0.001 <0.001 <0.001
exposures

Sun-Reaction Index (Composite) <0.001 <0.001 <0.001 <0.001

Residential Hist.ory 0.008 0.004 0.011 0.003
(Average Latitude)

Exposure to Carcinogens/Groups
of Carcinogens

Set 1a
Asaestos NS NS NS NS
Non-medical X Rays NS NS* NS NS
Industrial Chemicals NS NS NS NS
Herbicides NS NS* NS NS
Insecticides NS NS NS NS
Degreasing Chemicals NS NS NS NS
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TABLA 10-6. (continued)

Swmaa-y of Assoca.qttous Setveen Incidence Rates
of Basal Ceil Carcin•om aad Sun M spoure-R.eat.td Skin HalignmncitJs

and the Covarlates, iu thR Baol&ine-Follovip Interval
tor Coabined Fo.lovup Ranch Hand and Comparison Nonblack Participawn s

Sun Exposure-Related
Basal Ce]l Carcinoma Skin Malignancies

Verified & Verified &
Verified Surpzcted Verified Susjected

Covariate p-Value - p-Value

Set 2b
Anthracene NS KS NS NS
Arsenic NS NS NS NS
Benzene NS NS NS NS
3enzidene KS NS NS NS
Chromates NS NS NS NS
Coal Tar NS NS NS NS
Creosote NS NS NS NS
Aminodiphenyl NS NS NS NS
Chloromethyl Ether NS NS NS NS
Mustard Gas NS NS NS NS
Naphthylamine NS NS NS NS
Cutting Oils NS NS NS NS
Trichloroethylene NS NS NS NS
Ultraviolet Light (not sun) NS NS NS NS
Vinyl Chloride NS NS NS NS

Composite Carcinogen Exposure NS NS NS NS

NS: Not significant (p<O.10).

NS*: Borderline significant (O.05<p_.01O).

**Not significant when five categories of skin colr examined; however, when
dichotomized, p-0.024 for verified basal cell carcinoma and p=0.036 for
verified and suspected sun exposure-related skin malignancies.

&Questionnaire data.

bARHS Form 2.
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Ls expected, the relationships between the incidence of verified sun
* exposure-related skin malignancies and the covariates were similar to thoce

just described for basal cell carcinomas (Table 10-6 and Table H-4 of
Appendix H). For verified conditions, there was a strcng increase in
incidence rate vwth age (p.0.004), total lifetime smoking (p=0.012), average
lifetime risidentie± laditude (p-0.011), the reaction-to-sun exposure vari-
ables (pP.0O1 for all), and the sun-reaction index (p<0.001), with similar
strong assoeiationi for the verified plus suspected conditions. The
difference among occupation groups was marginally significant (p.0.077) for
verified conditions; this difference vas significant (p.0.006 ) for verified
plus suspected sun exposure-related skin malignancies (officers 5.9%,
enlisted flyers 4.2', enlisted groundcrev2.8X). There was no association
with the composite carcinogen-exposure variable, either for verified
(p.0.879) or fdr verified plus suspected conditions (p.0.608).

Table 10-6 shows no significant association between the incidence rate
of verified sun exposure-related skin malignancies and ethnic group, hair
color, skin color, or eye color. When suspected conditions were included,
the ethnic group association was significant (p.0.036), and the association
with hair color became borderline significant (p=O.051). There were higher
incidence rates among those of Celtic or English background as opposed to
other ethnic backgrounds, and among participants with blond or red hair as
opposed to other colors (see Table H-4 of Appendix H). As in the analysis of
basal cell carcinomas, the ethnic group, hair color, and skin color
categories were collapsed, resulting in (for verified conditions): p-0.054
for those of Celtic or English backgrounds versus other ethnic backgrouncs
(Est. RR: 2.04, 95Z C.I.: [1.00,4.17]) and p-O.031 for skin color peach
versus not-peach (Est. RR: 2.61, 95% C.I.: [1.04.6.58]), but no significant
association with hair color grouped as blond or red versus other (p=0.268)

* was found.

Adjusted Analyses

Because of the obvicus interrelatedness among the host factors of hair
color, skin color, eye color, ethnic background, and reaction of skin to sun,
and because a smaller set of covariates was required for the adjusted
analyses, a "main-effects" statistical model of basal cell carcinoma with the
following covariates was used: age, occupation, total pack-years, lifetime
drinking, ethnic background (dichotomized), hair color (blond or red versus
other), eye color, skin color (peach tones versus other), the three
skin-reaction-to-sun variables, average lifetiae residential latitude (less
than 371 N versus greater than or equal to 370 N), and Zhe composite
carcinogen exposure variable. The results of this analysis are given in
Appendix H, Table H-5. The results showed that ethnic background, hair
color, and the 30-minute skin-reaction-to-sun variable, while individually
associated with basal cell carcinoma incidence, are relatively less important
than the other host factrs, namely skin color, and the 2-hour and repeated-.
exposure skin-reaction-to-sun variables, and were thus not included in the
adjusted analyses. Total drink-years and the composite carcinogen exposure
variable were not significant ano thus were not used in the adjusted
analyses. A parallel analysis was conducted in which the composite sun-
reaction index replaced all three skin-reaction-to-sun variables, and it was
found that this subst'tution could be made without altering the relative
contributions of the other covariates. For further reduction of the number
of covariates, pack-years of smoking, although of interest (p.0.0 9 6), was
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also omitted. Thus, a reduced set of covariates for further analysis of the
group contrasts was identified as age, occupation, skin color, average
lifetime resildential latitude, and the sun-reaction index.

The results of adjusted analyses of group contrasts in the incidence
rate of basal cell carcinoma and sun exposure-related skin malignancies are
presented in Table 10-7. Parallel results for Ranch Hands contrasted with
the Original Comparisons are given in Appendix H, Table B-6. A significant
group-by-occupation interaction was found for verified interval basal cell
carcinoma (p-.0044). Significant covartates were age (p.O.003), average
residential latitude (p.0.003) and the sun-reaction index (p<0.001). The
interaction was due to a significant difference in rates for enlisted flyers
but not for officers or enlisted groundcrev: Ranch HanA enlisted flyers had
a siinificantly (p-0.019) greater incidence rate of basal cell carcinomas
than the corresponding Comparisons, 5.4 percent versus 1.0 percent (Adj.
RR: 6.50, 95Z C.I.: [1.36,31.011) (see Appendix H, Table H-7).

There was a significant group-by-sun-reaction index interaction in the
analysis of verified plus suspected basal cell carcinomas (p.0.024); this vas
in part attributable to the absence of Ranch Hands who reported burning
easily. The group frequencies for the three levels of this variable (burn
easily, intermediate reaction, tan easily) were: Ranch Hands 0 (OX), 17
(8.9%), and 19 (2.7Z), respectively, and Comparisons 4 (5.2%), 15 (5.7%), and
28 (3.2%), respectively. The incidence rate for Ranch Hands who had a
moderate reaction to snm was (nonsignificantly) greater than that of the
Comparisons. The details of this interaction are given in Appendix H,
Table H-7. A skin color-by-age interaction (p.0.044) and average latitude
(p.0.003) made significant contributions to the model.

Results of the analyses for Original Comparisons were nonsignificant for
"verified conditions, although a marginally significant group-by-sun reaction
interaction was found (p=0.051). The results for verified plus suspected
conditions revealed a significant group-by-sun reaction index interaction
(p=0.007 ) (see Table H-6 of Appendix H). Ranch Hands who had a moderate skin
reaction to sun revealed a significantly greater incidence rate of verified
basal cell neoplasms than corresponding Original Comparisons (Adj. RR: 2.81,
95% C.I.: [1.05,7.55], p-0.040) (Table 1-8). This finding was marginally
significant with the inclusion of suspected carcinomas (Adj. RR: 2.38, 95Z
C.I.: [0.98,5.761, p-0.055).

The adjusted relative risk for the incidence rate of verified sun
exposure-related skin malignancies was 1.37 (95Z C.I.: [0.83,2.281) and was
not significant (p.0.221) (Table 10-7). Age (p<O.001), the sun-reaction
index (p<0.001), and average lifetime residential latitude (p=0.008) con-
tributed to the adjustment. No group difference was apparent when suspected
malignancies were included. The adjusted relative risk was 1.05 (95Z C.I.:
[0.68,1.621, p.0.825), and the significant covariates were a skin color-by-
sun-reaction index interaction (p.0.028), a skin color-by-age interaction
(p=0.028), and a skin color-by-regidential latitude interaction (p.0.041).

e I

10-22



TABLI 10-7.

Adjusted Analyses of Nonblack Followup Participants for Malignant
Skin Neoplasm Incidence During the Baselino-lFllovup Interval

Adj. Relative
Variable Status Risk (95X C.I.) p-Val'ie Covariate Remarks*

Basal Cell Verified **** ACE (p.0.003)
Carcinoma LAT (p.0.003)

SUNREAC (p<0.001)
GRP*OCC (p.0.044)

Verified & **** LAT (p-0.003)
Suspected GRP*SUNREAC (p.0.024)

SkIN*AGE (p-n0.044)

Sun-Exposure Verified 1.37 (0.83,2.28) 0.221 AGE (p<0.001)
Malignant SUNEAC (p<Q.001)
Skin Neoplasms LAT (p.0.008)

Verified & 1.05 (0.68,1.62) 0.825 SKXN*SUNREAC (p-,0. 0 28 )
Suspected SKIN*AGE (p-0.028)

SKIN*LAT (p.0.0 4 1 )

*Abbreviations:

LAT: average lifetime residential latitude
SUNREAC: sun reaction index
GRP: group
0CC: occupation
SKIN: skin color

****Group-by-covariate interaction--adjusted relative risk, confidence interval,
and p-value not presented.
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I
Analysis of the Ranch Hands versus Original Comparisons contrasts found

t significant group-by-skin color interaction for verified sun exposure-
related malignancies (p--O. 0 36 ), and a sfgnif,'cant group-by-sun reaction index
ints)action (p-0.030), similar to that found Enr basal cell carcinoma, fuT
the verified pl'us suspected malignant neoplasms (see A.ppendix H, Tables U-6
and 1-b, for details). The gro'ip-by-ski color intertction was due to a
lover incidenct 7ate for usonpeach Ranch Hands thar. Original Comparisons (Adj.
RR: 0.20, 95Z C.I.: [0.02,1.801, p-O.150), but a higher incidence rate for
peach toned Ranch Hands than Original Comparisons (Adj. P11: 1.70, 95Z C.I.a
[0.95,3.041, p.O.0 73). The group-by-sun reaction index interaction (verified
and suspected) was again due to Ranch kands vho react moderately to the sun
having a higher incidence rate than similar Original ýompnrisons (Adj. RR:
2.74-, 95% C.I.: [1.14,6.631, p-0.025).

Interval Systemic Neoplasus

As shovn in Table 10-1, eight Ranch Hwlds (0.8%) and seven Comparisons
(0.5%) had verified malignant systemic ueoplasms in the interval between the
Bc~elinmt and fnllowup examinations. When su3pected malignant systemic neo-
plasms were included, the numbers were 12 Ranch Hands (1.2Z) and 12 Compar-
isohs (0.9%). The pinportions of malignancies among the systemic neoplasms
of all types (malignant, b-snign, uncertain) were similar in the two groups:
14.5 percent (8/55) for Ranch Hands and 11.5 percent (7/61) for Comparisons
(p.0.783). Inclusion of sispected zonditions lid not change the conclusion
from this contrast: 18.5 percent (12/65) Ranch Hands versus 15.0 percent
(12/80) Comparisons (p-0.656).

For the remainder of this section, only majignant (verified and

suspected) systemic neoplasms occurring in the Barellne to follovup interval
are analyzed. These occurrences ,ere distinct from those reported at Base- 4
line. lo new metastatic systemic neoplasms vere reported in the interval.

Interval Krilignant Systemic Neoplasms

Table 10-8 shows the sites of the new malignant neoplasms reported by
the eight Ranch Hands and seven Comparisons. Classification of malignancies
was based on IC0-9 with specip'. coding for tumor type as well as site, thus
avoiding problems of underreporting of STS. Six Ranch Hands and five Com-
parisons had suspected systemic neoplasms in this interval (Table 10-9),
making a total of 12 in each group, since 2 Ranch Hands vith verified
systemic neoplasms also had suspected systemic neoplasms. The frequencies
were too small for indepth analysis of individual sites. Table 10-8 shows
that two Ranch Hands had malignant neoplasms of the oral cavity and pharynx
versus no Compar~sons, and three Comparisons but no Ranch Hands had malignant
neoplasms of the colon. For all digestive system malignamcies (esophagus
plus colon), there were four occurrences among Comparisons but none among
Ranch Hands. The analyses that follow are based on the combination of all
interval malignant systemic neoplasms regardless of specific sitf, both
verified and verified plus suspected.

Table H-9 of Appendix H lists the malignancy sites for the eight Ranch
Hands and the six Original Comparisons in the Baseline-followup interval.
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TABLI 10-8.

Sounar of Vollowup Participants with Verified Malignant
Systemic Neoplasm ti aseline-Follovup Literval by Group

Group ....

Site Ranch Hand Comparisoit Total

Oral Cavity and Pharynx 2& 0 2

Thyroid Gland 0 1 1

Esophagus 0 1 C 1

Bronchus and Lung 1 0 1

Colon 0 34' 3

Kidney and Bladder 2 1 3

Prostate 1 1 2

Testicles 1 0 1

* Connective and Other
Soft Tissue 1 0 1

Total 8 7 15

"Includes one Ranch Hand with separate malignancies of tongue and epiglottis
and also malignant neoplasm of bone.

bIncludes one Rench Hand with separate malignant neoplasms of tongue and
oroprarynx and secondary malignant neoplasm of other site.

CAlso has malignant neoplasm of bone.

dIncludes one Comparison wvth secondary malignant neoplasms of liver and bone
and bone marrow.

*Includes on* Comparison with secondary malignant neoplasm of liver.
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TABLI 10-9.

Sumry of Followup Participants with Suspected Nalignant
Systwic Neoplawn at sica1 Kie maimiution by Group

Group

Site Ranch Hand Comparison Total

Bronchus and Lung 4 ,b2 6

Rectum 0 1 1

Liver 1 0 1

Prostate 0 1 1

Lymphatic and
Hematopoietic Tissue 0 1

Unspecified Site 0 1 1

Total 6 5 11

"aIncludes one Ranch Hand with a suspected maglignant neoplasm of either lung,

mediastinum, esophagus, or ill-defined site within digestive organs and
peri toneum.

bIncludes one Ranch Hand vith a suspected secondary malignant neoplasm of

lung.

CNot specified as primary or secondary.

d Suspected as either Hodgkins disease, leukemia, or lymphoma.

1
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There is ne parallel table for suspected malignant systumic neoplasms since
* the five Comparisons with suspected c'nditions in Table 10-9 are Original

Comparisons.

Uadjusted Analyses

ks shown in Table 10-10, the unadjusted group contrast tor all verified
ma~ignant systemic neoplasms was not significant (p.0.6C3), with an estimated
relative risk of 1.46 (95Z C.I.: [0.53,4.031). When suspected malignant
ueoplasms were included with the verified malignancies, the estimated
relative risk was 1.28 (95% C.I.: [0.57,2.051), and was also not significant
:p-0.680). A parallel unadjusted analys.s for Ranch Hands versus Original
Comparisons eave similar nonsignificant results (Appendix Table H-10).

Covariates

The covariates considered for the adjusted analysis of all interval
walignant systemic neoplasms combined were age, race, occupation, smoking and
drinking history, exposure to the groups of carcinogens, exposure to the
indivL,'ial carcinogens, and the composite carcinoten expoaure variable as
listed in. TAble 10-5. Tha categories used fon age, pack-years, and Jrink-
years were the same. Age was used &s a continuous variable in the adjusted
analyses but was categorized tor ease of presentation in the report. No
Blacks haW veriiied systemic neoplasms, but in contrast to the skin cancer
cnalysis, Blacks vere retained in the analysis.

Covariate Associations

Table 10-11 summ&rizes the results of chi-square ests of association
between the incidence rate of all malignant systemic neoplasms combined and
the covariates considered for use in the adjusted analyses. Details of the
covariate relationships are given in Appendix H, Table H-11.

There was a significant increase in the incidence rate of all verified
interval malignant systemic neoplasms with increasing age (p<0.001) and a
marginally? significant difference among occupations (p.0.056). The incidence
rates for officers, enlisted flyers, and enlisted groundarew were 1.2 per-
cent, 0.5 percent, and 0.3 percent, respectively. There was a marginally
significant association with total lifetime alcohol consumption (p.0.082).
The test for differences in incidence rates among pack-year levels of smoking
was not significant (p-0.220), although an increasing trend was apparent.
Some of the occupation effect may be attributable to confounding with age.

There was a significant negative association with invecticide exposure
for verified malignant systemic neoplasms (pw0.014). Table H-11 of Appendix
H shows that there were a few significant or marginally significant positive
associations with individual carcinogens: e.g., with naphthylaaine
(p.0.050), benzidine (p.0.088), and coal tar (p.0.079). However, in many
instances the self-reported exposure frequencies were very small.

10-27



Sacted NIhIgmt 4mftmic Nwplý in the UmAa3 Intmwal byr G 0

Stow ~ Statistic po "Rjisk (95% .L) vau

Verified Ptbor Of 8 0.8% 7 0.59 1.46 (0.53,4.0Y3) 0.603
Particfpants/X
Total %lI.~mss 12 10

Verified & Smected Nmbwe of 12 1.2% 12 0.9% 1.28 (0.57,2.85) 0.680
Participmfls/X
Total Mqplas 23 16



TAML 10-11.

Sumiay of Asuociatioas Between Incidence Rates of All Malignant
Systemic Neoplaým Cembined and the Covariates in the

eameline-Followup Interval for Combined Pcliovup
Ranch Hand and Conparison Groups

Varified Verified & Suspected

Cover le p-Value p-Value

Age <0.001 0.001

Race NS NS

Occupation NS* NS

Lifetime Cigarette Smoking NS NS

Lifetime Alcohol Consumption NS* NS

Expesure to Carcinogens/Groups
of Carcinogens:

Set 1a
Asbestos NS NS
Non-medical X Rays NS 0.049
Industrial Chemicals NS NS
Harbicides NS NS
Insecticidss 0.014 NS*
D•geeastng Chemicals NS , u

Set 2
Anthracene NS N9
Arsenic NS NS*
Benzene NS NS
Benzidene IRS* NS
Chromates NS NS
Coal Tar NS* NS
Creosote NS NS
Aainodiphenyl NS NS*
Chloromethyl Ether NS 0.023
Mustard Gas NS NS*
Naphthylanine 0.050 0.019
Cutting Oils NS NS
Trichloroethylene NS WS
Ultraviolet Light (not sun) NS NS
Vinyl Chloride NS NS

Composite Carcinogen Exposure NS NS

NS*: Borderline significant (0.05<pp0.10).

NSt Not significant (p>0.10)

Questionnaire data.

bAPHS Form 2.
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The covariate associations for verified plu% suspected malignant
systemic neoplasms were similar to those for verified only. The association
with occupation was no longer significant (p-0.193), and there was a signif-
icamt positive association with nonmedical x-ray exposure (p.0.049). There
were some significant and marginally significant positive associations with
individual carcinogens: with naphthylamine (p-0.019), chloromethyl ether
(pw0.023), arseni~c (p.0.069), mustard gas (p=O.090), and auinodiphenyl
(p=0.061) (see Appendix H, Table H-11).

The covariates used for the adjusted group contrast of the incidence
rate of all malignant systemic neoplasms were race, age (continuous),
occupation, and pack-years.

Adjusted Analyses

The adjusted relative risks for all verified and vsrified plus suspected
malignant systemic neoplasms are presented in Table 10-12. For verified
malignant systemic neoplasms, there was no significant difference between
groups (Adj. RR: 1.51, 95Z C.I.: [0.54,4.221, p-0.434). Age made a signif-
icant contribution to the adjustment (p<0.001). Parallel results for Ranch
Hands contrasted with Original Comparisons are given in Table H-12 of
Appendix H.

A significant group-by-occupation interaction was found in the adjusted
analysis of verified plus suspected malignant systemic neoplasms (p.0.027).
This was due to significantly more cases of malignant systemic neoplasms
among Ranch Hand enlisted flyers than among corresponding Comparisons (4/175
[2 verified, 2 suspected] versus 0/209, Fisher's exact test-O.042), whereas
the incidence rate for officers was lower (but not significantly) for Ranch
Haads than for the corresponding Comparisons, and equivalent for the enlisted
groundcrew (see Table U-13 of Appendix H). Age (p<0.001) and a race-by-pack-
year interaction (p.0.035) made significant contributions to the adjustment.
Comparable results were found for the contrast of Ranch Hands with the
Original Comparisons (see Tables H-12 and H-14 of Appendix H).

Lifetime (Baseline and Interval)

Data from the Baseline and follovup examinations were merged to obtain
records of the lifetime history of neoplasm incidence for those followup
participants who participated at Baseline. New participants provided life-
time information at the followup examination. Neoplasms prior to service in
Southeast Asia were excluded from all analyses. All data from the Baseline
study have been verified, but as described in the previous section, the
status of some suspected interval neoplarms remains unclear, and thus both
verified and verified plus suspected neoplasms are described and analyzed in
this section.

Table 10-13 shows that 21.3 percent (216/?,016) of Ranch Hands and
16.2 percent (209/1,293) of Comparisons had skin or systemic neoplasms of
some type (malignant, benign, and uncertain). The group difference In
incidence rates was significant (p.0.002), with an estimated relative risk of
1.40 (952 C.I.: [1.13,1.73]). When suspected neoplasms were included, the
contrast was less marked (22.7% [2311 of Ranch Hands versus 19.3% [249] of
Comparisons) but still statistically significant (p.0.044 ), witn an gstimated
relative risk of 1.23 (952 C.I;: [1.01,1.51]).
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TABMA 10-12.

Adjusted Analyses of Followup ;articipants for the
incidence of All Nalignaiti Systemic feoplasms During the

Baseline-.Followp Interval

Adj. Relative
Variable Risk (95Z C.I.) p-V'alue Covariate Remarks

Malignant Systemic 1.51 (0.54,4.22) 0.434 AGE' (p<O.O01)
Neoplasms
(Verified)

Malignant Systemic GRP*OCC (p=0.027)
Heoplasums AGE (p<0.O01)
(Verified & Suspected) RACE*PACKYR (p=0.035)

****Group-by-covariate interaction--adjusted relative risk, confidence
Interval, and p-,,alue not presented.
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T*lZ 10-13.

,iztted hwirm of DMUCKV ikrtiCI4 tq viek Ufamt
amuen of Veifie Shapeted rbq1 by Gop

Nwpbm Behvior

Site and Statu Nbser** NPercent mbwtr** P mt Tbtal** p-Vdnwh**

Skn mdipmt
Verified 66 6.5 66 5.1 132 0.175
Vrified an Smpected 75 7.4 85 6.6 160 0.458

Verified 84 8.3 79 6.1 163 0.049
Verified and ampected 86 8.5 85 6.6 171 0.093

bertain Behavior
all tumwp fied
Nature:
Verified 0.1 1 0.1 2 0.999
Verified and &S memted 1 0.1 1 0.1 2 0.999

ATW Skin H a

Verified 150 14.8 140 10.8 290 0.0Cc
Verified and Sispected 159 15.7 165 12.8 32A 0.053

Sytemic Hdigtnt
Verified 17 1.7 17 1.3 34 0.491
Verified and aupected 21 2.1 22 1.7 43 0.538

Verified 51 5.0 64 5.0 115 0.999Verified and SWspeted 57 5.6 75 5.8 M3 0.857

Uimtain Belaior
ad Umpeified
Wattwe:
Verified 15 1.5 14 1.1 29 0.453
Verified ald Sunpected 15 1.5 18 1.4 33 0.862

A%, Sytudc Niopm"
Verified 81 8.0 87 6.7 166 0.259
V•Jrifed and Susm.ted 91 9.0 106? 197 0.548

All filimmEtI Belpig,
thcertain. BeheviorA
Lbspecdfied Nature"
Verified 216 21.3 209 16.2 425 0.002
Verified and uspected 231 22.7 249 19.3 480 0.044

*Staple sizes: 1,016 Ranch luxls, 1,293 Coq i w.
*4brbw of pazticipents.

***Fistwr's exct test.
:Participant has am or more mbromt, benign, or umpecified s.in rnspbm.
Participint has orn or malipwet, benign, or urecified systemc

CParticipant has one cr nve m1igwmt or 1uii siln or wyatevic rmpamm.
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Table B-15 of Appendix B is parallel to Table 10-13 for Ranch Hands and
Original Comparisons only.

Lifetime Skin Neoplasm.

As seen in Table 10-13, 69.4 percent (150/216) of Ranch Hands with
neoplasms had skin cancer; the corresponding percentage for Couparisons was
67.0 percent (140/209). The group difference in these proportions was not
significant (p0.604). This contrast, when suspected neoplasms were
included, yas 68.8 percent (159/231) versus 66.3 percent (165/249), which
again was not signif4 cant (p.0.560).

The overall pererentage of Black and nonblack Ranch Hands with verified
lifetime skin neoplasms of any type was 14.8 percent (150/1,016), versus
10.8 percent (140/1,293) for Comparisons. No Black follovup participants had
ever had skin neoplasms, nor did any Baseline Black participants. -The over-
all percentage of nonblack Ranch Hands with skin neoplasms of any type was
15.7 percent (150/956) and was significantly (p=0.006) greater than that of
the Comparisons with 11.6 peccent (140/1,210). The estimated relative risk
vas 1.42 951 C.I.: [1.11,1.82]). Vhen both verified and suspected neoplasms
were in the analysis, the contrast was marginally significant (puO.060):
Ranch Bon•da 16.6 percent (159/956) versus Comparisons with 13.6 percent
(165/1,210) (Estimated RR: 1.26, 95X C.I.: [1.00,1.601).

'or the remainder of this subsection, only malignant skin neoplasms are
examined. Furthermore, the analysis was restricted to nonblacks.

The dependent variables exsmined were the same as those of the previous
section (basal cell carcinoma, melanovA, squamous cell carcinoma, all malig-
nant skin neoplasms combined and srn exposure-related skin malignancies).

Lifetime Malignant Skin Nvavmla

Table 10-14 presants the unadjusted analyses of the frequencies of
nonblack participants in each group with lifetime occurrences of basal cell
carcinoma, squamous cell carcinoma, melanoma, all malignant skin neoplasms,
and the sun exposure-related skin malignancies. For completeness, the total
number of malignancies of each type is also given. Table B-16 of Appendix H
presents parallel analyses for Ranch Hands and Original Coaparisons.

UmLdjus ted Analyses

There yva a higher relative frequency (5.51) of Ranch Bands who had
basal cell carcinomas than of Comparisons (4.12), but the difference was not
significant (p.0.128). The estimated relative risk was 1.36 (95% C.I.:
[0.92,2.02]). Vith the inclusion of suspected basal cell carcinoma, the
estimated relative risk was also not significant (pý0.579).

Of the 53 Ranch Hands with verified basal cell carcinomas, 17 (32.1%)
had 2 or more occurrences. The corresponding numaer for the Comparisons was
14/50 (28.01). The group contrast of the percentages with multiple basal
cell carcinomas versus no basal cell carcinomas was not significant (17/920
versus 14/1,174, p-0.274), nor. was the corresponding contrast vhen suspected
basal cell carcinomas were included (19/916 versus 16/1,159, p-0. 2 34).
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The frequencies of participants who had squamous cell carcinoma were
* very small: 4 Ranch Hands (0.4%) and 6 Comparisons (0.5%). The estimated

relative risk vas 0.84 (95% C.I : [0.24,3.00]), and the contrast was far from
significant (p-0. 9 99). Inclusion of suspected squamous cell carcinoma did
not change this finding.

the frequency of Ranch Hands who had melanoma, 5 (0.5%), was slightly
greater than that of the Comparisons, 5 (0.42), but the contrast was not
significant (p-0.757); the estimated relative risk was 1.27 (952 C.I.:
[0.37,4.391). Inclusion of suspected melanoh• inverted the relative risk to
0.79, which was again not significant. This analysis had little power due to
small frequencies.

For sun exposure-related skin malignancies, there was a higher percent-
age of Ranch Hands than Comparisons (6.22 versus 4.6%), but the contrast was
only of borderline significance (paO.100); the estimated relative risk was
1.38 (95% C.I.: [0.95,2.02]). When suspected sun exposure-related skin
malignancies were included, the group difference was not significant
(p-0.537), with estimated relative risk 1.12 (952 C.I.: [0.79,1.581).

As in the previous section, adjusted analyses were only carried out for
basal cell carcinoma and the sun exposure-related skin malignancies.

Covariates

The same covariates as for the interval analysis (Table 10-5) were
consilered for the adjusted analysis of the lifetime incidence rates of basal
cell carcinoma and sun exposure-related skin malignancies: age, occupation,
history of cigarette smoking and alcohol consumption, the same host factors
and average latitude, and exposure to the same recognized carcinogens. The
covariates used for the adjusted analyses were the same as in the interval
analysis, namely age, occupation, sun reaction index, average lifetime
residential latitude, and skin color.

Covariate Associations

Table 10-15 presents c'tails of the associations between the incidence
rate of basal cell carcinoma and the following covariates: age; occupation;
pack-years of smoking, lifetime drink-years; ethnic background, hair color,
skin color, eye color; skin-reaction-to-sun variables, sun-reaction index;
average residential latitude, and exposure to individual carcinogens and
groups of carcinogens.

For t'e incidence of verified basal cell carcinoma, the same asso-
ciations were found as in the interval analysis, namely, an increasing
incidence rate with increa3ing age (p<0.O01), P significant difference among
occupations (p-.017; officars 6.42, enlisted flyers 4.2%, enlistad ground-
crew 3.6Z), and significant associations with average lifetime residential
latitude (p-0.0 2 6), all the skin-reaction-to-sun variables (p<0.O01 for all),
the sun-reaction index (p<O.001), and increasing total pack-years (p-0.024).
There was evidence of a higher incidence rate of basal cell carcinomas among
the heavy drinkers, although the test for the difference among drinking
categories was not significant.
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Thare was a significant (p<O.O(l) association with the su;-reaction
* index. Participantd with the most sensitive skin had a somewhat lover rate

(6.9%) of verified basal cell carcinoma lifetime than the participunts in the
next most sensitive categor', (9.0X), although the difference was not as
marked as in the Baseline-follovup interval. However, the rate for those who
tanned easily was such lower (3.3X) than for those who did not. A marginally
significant positive association was found with self-reported exposure to
non-sun ultraviolet light (p.0.055).

The results were similar for the verified plus suspected basal cell
carcinomas. There was a significant (pO.016 ) difference among ethnic back-
grounds, with participants with Celtic or Bnglish backgrounds having higher
incidence rates than those with other backgrounds. Further, there were
marginally significant positive associations in incidence rates with non-
medical x-ray exposure (p-0.060) and arsenic (p.0.084), a rz.ognized skin
carcinogen, but the association with ultraviolet light var .aot zignificant.

The details of sisociations between the incidence rates of verified and
suspected sun expos%'ce-related skin malignancies and the covarlates are given
in Appendix H, Table 8-17. The significant covariates for verified condi-
tions were age (p<0.OOl), occupation (p.O.009), total pack-years (p-0. 0 21),
average latit.de (p.0.026), and sun-reaction index (p<0.O01). The ame
pattern held for verified plus suspected sun exposure-related skin malig-
nancies. There was a marginally significant positive association with
ultraviolet light exposure (p.0.0 7 8) for the verified conditions only, and
with herbicide exposure (p-0.076) for the verified plus suspected conditions.

The covariates chosen for the adjusted analysis were ago, occupation,
skin color, average lifetime residential latitude and the sun-reaction index.

Adjusted Analysis

The results of adjusted analyses of group contrasts for lifetime skin
malignancies are given in Table 10-16. There was significant evidence of a
higher incidence rate of verified basal cell carcinoma in the Ranch Hand
group as contrasted with the Comparisons (p-O.035). The adjusted relative
risk was 1.56 (95% C.I.: [1.03,2.371). A sun-reaction index-by-average
latitude interaction (p=0.026), a skin color-by-sun-reaction index inter-
action (p<C.001), and an occupation-by-age interaction (p-O.047) made signif-
icant contributions to the model. The adjustment by average residential
latitude, which is greater for Ranch Hands than Comparisons, contributed to a
higher relative risk resulting from the adjusted analysis than from thq
unadjusted (see Table 10-14). Vhen suspected ba.al cell carcinomas were
included in the analysis, a significant group-by-sun-reaction index
interaction (p-0.040) vwa found. Age (p<0.OO1), a skin color-by-average
residential latitude (p.0.024), and a skin color-by-sun-reaction index
interaction (p<0.001) made significAnt contributions to the adjustment. This
was due to a significant increase in basal cell carcinoma incidence for Ranch
Hands with an intermediate skin reaction to sun over similar Comparisons
(Adj. RR: 1.97, 95% C.I.: 11.04,3.731, p-0.038) (Appendix H, Table H-18).

Similar results were found in the contrast of Ranch Hand versus Original
Comparisons (Table H-19). Namely, for verified basal cell carcinoma, and for
verified plus suspected basal cell carcinomas, significant group-by-sun-
reaction indtx Interactions were found (p.0-010 and p-0.003, respectively
(see Table H-20 for additional detalls on the interactions]).
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TABIU 10-16.

Adjusted Analyses of Noublack Follovup P-irtlc•lnts for
Lifetime Na]ignant Skin Neoplaom Incidence

Adj. Relative
Variable Statu, "tsk (95% C.I.) p-Value Covartate Remarks

Basal Call Verified 1.56 (1.03,2.37) 0.035 SKIN*SUNRBAC (p<O.O01)
Carcinoma OCC*AGE (poO.047)

SUNREAC*LAT (pO.026)

Verified & **** AGE (p<0.OOl)
Suspected GRP*SUNRBAC (p-0. 0 40)

SI.N*LAT (p. 0 . 0 2 4 )
SKIN*SUNREjC (P<0.001)

Malignant Verified 1.54 (1.04,2.29) 0.030 AGE (p(O.OO1)
Sun-Exposure SKIN*LAT (p. 0 . 0 1 6 )
Skin Neoplasms SKIN*SUNRBAC (p<0.001)

Verified & 1.23 (0.86,1.77) 0.252 AGE (p<0.001)
Suspec ted SKIN*LAT (p.0.013)

SKIN*SUNRZAC (p<O.001)

****Group-by-covariate interaction--adjusted relative risk, confidence interval,
and p-value not presented.

1
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As shown in Table 10-16, there was a significantly higher Incidence rate
* of sun exposure-related skin maiignancies among Ranch Sands as contrasted

vith Conparisons (Adj. RRs 1.54, 95Z C.I.: (1.04,2.291, p-0.030). Signif-
icpjt contributions vere noted for age (p<0.001), a skin color-by-sun.-
reaction index interaction (p<0.001), and an average latitude-by-skin color
interaction (p.0.0i6). Wh.n suspected sun exposure-related skin .alig-
"n-.ncfas yore included in the inalysis, the adjusted relative risk became 1.23
(95% C.I.: [(.86,1.771) and P< no longer significent (p-0.252). Age
(p<O.001). a skin color-by-sua-reaction index interaction (p<0.OO1), and
average lstitude-by-s.Jn color interaction (p.0.013) contributed signif-
icantly to the adjustment. When Ranch Hands vere contrasted to Original
Comparsons, sign~f.1 nt group-by-sun reaction index interactions were found
for verified, and verified plus suspected, sun-exposure related skin
neoplasms (pu0.045,p=0.016, respectively). These interactions were due to
significant relative risks for those participants with internediate reactions
of skin to sun, as was also found for basal cell carcinomas only (see
Appendix Tables 0-19 and H-20 for detaiis).

Lifetime Systemic Neoplasm."

Table 10-13 shovs that 81 (8.02) Ranch Hands and 87 (6.7Z) Comparisons
had a verified history of systemic neoplasms of any type (malignant, benign,
or uncertain). The estimated relative risk was 1.20 (95% C.I.: 10.88,1.651),
and was not significant (p.0.259). With the inclusion of suspected systemic
neoplasms, the frequencies were 9.0 percent (91/1,016) for Ranch Hands and
8.2 percent (106/1,293) for Comparisons, with an estimated relative risk of
1.10 (95Z C.I.: [0.82,1.481), and the contrast was also not significent
(p.0.548).

For Ranch Hands with systemic neoplasms of any type, the percenttge with
malignant neoplesms was 21.0 percent (17/81) and the corresponding rate for
Comparisons was 19.5 percent (17/87), a nonsignificant group difference
(pm0.849). Including suspected systemic malignancies, these frequencies were
23.1 percent (21/91) for Ranch Hands and 20.8 percent (72/106) for
Comparisons. Again, the group difference vas not significant (p-0.731.),

For the remainder of this section, only malignant systemic neoplasms are
discussed.

Lifetime Malignant Systemic Neoplasms

Table 10-17 presents the frequencies of verified lifetime malignant
systemic neoplasms by site. Three Ranch Hands versus no Cooparison'; had
malignant necplarms of the oral cavity and pharynx; these occurred at ages
45, 52. and 57. The group difference in iridence rate was margiiially
significant (p.0.085). No Ranch Hands but 5 Comparisons had malignant
neoplasms of the colon; the group difference in incidence rate was also
marginally significant (p.0.072). Three Ranch Hands but no Comparisons had
testicular malignancies, but the group difference in incidence rates was onl,
marginally significant (p.0.085). These occt-rred at ages 35, 38, and 54.
The suspected ma'..' nant neoplasms are listed in Table 10-9. Table B-21 of
Appendix H gives - list of verified lifetime malignant systemic neoplasms for
Ranch Hands and Original Comparisons.
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TAKR 10-L7.

Sumnay i,& .7:11n--9 tarttetpto With 3 if4ttmo
Incidence of Verified Ylligtmat Syvitl n.t.,,i, by Group

Group

Site Ranch land Comparison Total

Eye 1 0 1

Oral Cavity and Pharynx 3 & b 0 3

Larynx 0 1 1

Thyroid Gland 0 2 2

Esophagus 0 Ic 1

Bronchus and Lung 2 0 1

Colon 0 5 '" 5

Kidney and Bl2dder 4 3 7

Prostate 2 2 4

Testicles 3 0 3

Connective and Other
Soft Tissue 1 1 2

Hodgkin's Disaase 0 1 1

11l-)eftned Sites 1' 1' 2

Total 17 17 34

"aIncludes one Panch Hand vtth separate malignancies of tongue and epiglottts

and also malignant neoplasm of bone.
b Includes one Ranch Hand vith separate malignant neoplasms of tongue and

oropharynx and secondary malignant neoplasm of other site.

CAlso has malignant neoplasm of bone.

lncudes one Comparison vith secondary malignant neoplasms of liver and bone
and bone *arrov.

*Includes one Comparison vtth secondary malignant neoplasm of liver.

Mealignant neoplaum of thorax.

'Malignant neoplasm of face, head, or neck.
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